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Satellite  revolving  about  a  Tidally  Distorted  Planet."  By 
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(Abstract.) 

This  memoir  is  a  continuation  of  four  previous  papers  on  similar 
subjects.* 

As  the  investigation  is  entirely  analytical,  and  is  rather  long  and 
complicated,  it  seems  useless  to  attempt  a  detailed  abstract,  and  I 
shall  therefore  confine  myself  to  giving  an  outline  of  the  results,  and 
a  few  remarks  on  the  method  employed.  I  also  here  partially  replace 
the  analytical  treatment  of  the  paper  itself  by  general  reasoning,  st)  as 
to  give  some  idea  of  the  physical  causes  which  underlie  the  definite 
results  of  analysis.     These  general  considerations  are  not,  however, 

*  1.  "  On  the  Bodilj  Tides  of  Viscous  and  Semi-elastic  Spheroids,  and  on  the 
Ocean  Tides  upon  a  Yielding  Nucleus." 

2.  "  On  the  Precession  of  a  Viscous  Spheroid,  and  on  the  Remote  History  of  the 
EaHh." 

3.  "  On  Problems  connected  with  the  Tides  of  a  Viscous  Spheroid." 
These  three  will  appear  in  the  "  Phil.  Trans."  for  1879. 

4.  "  The  Determination  of  the  Secular  Effects  of  Tidal  Friction  by  a  Graphical 
Method."    "  Proc.  Eoy.  Soc.,"  toI.  xxix,  1S79. 
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maximnin  valne,  and  again  earlier  it  was  very  small,  or  zero  ;  or  else 
the  maximnm  valne  never  occurred,  and  the  eccentricity  has  always 
been  increasing.  The  history  of  the  eccentricity  depends  on  the 
nature  of  the  tides  in  the  earth,  but  the  former  of  these  alternatives 
4seems  the  more  probable. 

We  will  now  consider  the  earth. 

At  the  present  time  the  earth  rotates  in  24  hours,  its  equator  is  in- 
•clined  at  %n  angle  of  about  9"  to  a  plane,  which  is  called  in  this  paper 
"  the  proper  plane  of  the  earth."  This  proper  plane  is  inclined  at  an 
-angle  of  23°  28'  to  the  ecliptic,  and  its  intersection  with  the  ecliptic  is 
the  equinoctial  line. 

(In  the  ordinary  mode  of  statement  the  proper  plane  is  called  the 
■mean  equator,  and  the  true  equator  is  described  as  nutating  about  the 
mean  equator  with  a  period  of  19  years,  and  an  amplitude  of  9".) 

It  is  here  proved  that  the  frictional  tides  in  the  earth  have  caused 
changes,  which  may  be  summarised  as  follows : — 

5.  The  earth's  period  of  rotation,  or  the  day,  must  have  been 
.shorter  in  the  past,  and  it  may  be  traced  back  from  the  present  value 
•of  24  hours,  until  initially  it  was  from  2  to  4  hours  in  length.  It  was 
rthen  identical  with  the  moon's  period  of  revolution  as  described  in  (1). 

6.  The  inclination  of  the  equator  to  "  the  earth's  proper  plane,"  must 
liave  been  larger  in  the  past,  and  may  be  traced  back  from  the  present 
value  of  9",  until  it  was  about  2°  45'.  This  2°  45'  was  a  maximum 
inclination,  and  in  the  more  remote  past  the  inclination  was  less,  and 
initially  it  was  very  small,  or  zero. 

7.  The  inclination  of  "  the  earth's  proper  plane "  to  the  ecliptic 
must  have  been  smaller  in  the  past,  and  may  be  traced  back  from  its 
present  value  of  23°  28',  until  initially  it  was  11°  45',  or  perhaps 
somewhat  less.  It  was  then  identical  with  the  proper  plane  of  the 
lunar  orbit ;  and  this  is  true  whether  or  not  11°  45'  was  a  maximum 
inclination  of  the  lunar  proper  plane  to  the  ecliptic,  as  described 
in(l). 

The  preceding  statements  may  be  subject  to  varieties  of  detail, 
according  to  the  nature  of  tlio  tides  raised  in  the  earth,  but  the  above 
is  a  summary  of  what  appears  to  be  the  most  probable  course  of 
•evolution. 

The  hypothesis  which  is  suggested  as  most  probable  is,  that  the 
more  recent  changes  in  the  system  have  been  principally  due  to 
oceanic  tidal  friction,  and  that  the  more  ancient  changes  were  pro- 
duced by  bodily  tidal  friction. 

These  seven  statements,  when  taken  together,  exhibit  the  earth  and 
moon  initially  nearly  in  contact ;  the  moon  always  opposite  the  same 
face  of  the  earth,  or  moving  very  slowly  relatively  to  the  earth's  sur- 
face ;  the  whole  system  rotating  in  from  2  to  4  hours,  about  an  axis 
inclined  to  the  normal  to  the  ecliptic  at  an  angle  of  11°  45',  or  some- 
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planet  depends  upon  the  position  of  the  satellite,  therefore  the 
elements  of  the  satellite's  orbit  will  appear  in  the  disturbing  function, 
fis  representing  the  state  of  tidal  disturbance  in  the  planet ;  but  these 
■elements  also  appear  as  representing  the  position  of  the  satellite  as  a 
body  whose  motion  is  perturbed.  In  order  to  apply  the  method  of 
the  disturbing  function  they  ought  only  to  enter  in  the  latter  capacity. 
This  difficulty  is  overcome  by  supposing  the  earth  to  have  two 
satellites ;  one  the  tide-raising  satellite  (called  Diana  in  the  memoir), 
and  the  other  the  perturbed  satellite  or  moon.  Then,  after  the  appli- 
cation of  the  method  of  the  disturbing  function,  the  tide-raising 
satellite  is  made  identical  with  the  moon ;  and  thus  the  effect  of  the 
lunar  tides  on  the  moon's  motion  is  determined.  Or  else  the  tide- 
raising  satellite  is  made  identical  with  the  sun,  so  as  to  find  the 
effect  of  the  solar  tides  on  the  moon.  The  method  of  the  disturbing 
function  is  also  applied  to  determine  the  perturbations  of  the  earth's 
rotation,  and  a  similar  artifice  has  to  be  used,  because  the  earth  has 
to  be  treated  in  two  capacities,  ^rs^  as  a  body  in  which  tides  are 
raised,  and  secondly,  as  a  body  whose  rotation  is  perturbed. 

The  problem  is  divided  into  the  two  following  cases  : — 

1st.  Where  the  lunar  orbit  is  circular,  but  inclined  to  the  ecliptic. 

2nd.  Where  the  orbit  is  elliptic,  but  coincident  with  the  ecliptic. 

The  previous  paper  on  "  Precession,"  dealt  with  the  mean  distance 
of  the  moon,  and  with  the  rotation  of  the  earth  and  the  obliquity  of 
the  ecliptic ;  therefore,  in  the  present  paper  the  inclination  and  eccen- 
tricity aflford  the  principal  topics. 

The  first  of  these  problems  occupies  the  larger  part  of  the  paper. 
If  the  satellite  and  planet  be  the  only  bodies  in  existence,  the  problem 
of  the  inclination  is  not  very  complicated. 

The  following  considerations  (in  substitution  for  the  analytical 
treatment  of  the  paper)  will  throw  some  light  on  the  general  effects  of 
tidal  friction : — 

Suppose  the  motions  of  the  planet  and  of  its  solitary  satellite  to  be 
referred  to  the  invariable  plane  of  the  system.  The  axis  of  resultant 
moment  of  momentum  is  normal  to  this  plane,  and  the  component 
rotations  are  that  of  the  planet's  rotation  about  its  axis  of  figure,  and  that 
of  the  orbital  motion  of  the  planet  and  satellite  round  their  common 
centre  of  inertia ;  the  axis  of  this  latter  rotation  is  clearly  the  normal 
to  the  satellite's  orbit.  Hence  the  normal  to  the  orbit,  the  axis  of 
resultant  m.  of  m.,  and  the  planet's  axis  of  rotation,  must  always  lie  in 
one  plane.  From  this  it  follows  that  the  orbit  and  the  planet's  equator 
must  necessarily  have  a  common  node  on  the  invariable  plane. 

If  either  of  the  component  rotations  alters  in  amount  or  direction,  a 
corresponding  change  must  take  place  in  the  other,  such  as  will  keep 
the  resultant  m.  of  m.  constant  in  direction  and  magnitude. 

It  appears  from  the  previous  papers  that  the  effect  of  tidal  friction 


strictly  appropr  to  I 

paper,  and  merely        fe 

In  this  and  the        to 
in   a  planet  by  its  -oblem  is  to  determine   thi 

various  L'ffects  wbich  T       It  fn  on  of  tbose  tides. 

The  liypothe:  ly  ado  'A  -so  papers  is  that  the  planet- 

tH  a  viscous  body,  j     1  i        a  bodily  distortion  o(  th* 

wliolc  mass  of  tie  j         t,  but  n       y  all  the  rcsnlte  would  also  (oU(np| 
fi-om  thu  friction  otc  J  up       k  :  gid  nucleuf 

Tlio  investigation       pr  ly  di         d  towards  the  ciwo  of  b 

t'arth,  sun,  and  moon,  i        the  of  the  paper  ia  tnkea  &<»d 

our  own  planet  and  ;  bat         i        .ods  may  be  ext«iidiid  to  II 

otbor  planfts. 

The  subject  will  be  most  easily  explained  hy  inverting  tho  ordlOCjd 
tlie  papiT,  and  by  beginning  with  the  sketch  of  the  rcsalfai. 

Sketch  of  BesulU 

At  the  proKcnt  time  the  moon  revolves  round  the  earth  in  27'S'' 
The  orbit  has  an   eccentricity  of  -j-'^,  and   is   inclined   at  an  ax 
5°  ',}'  to   a   certain  plane,  which  is  said  to   be   "  proper  to  tho 
This  prupcr  plane  is  inclined  to  the  ecliptic  at  an  angle  of  a 
and  intersects  the  ecliptic  in  the  eqninoetiu!  line  -,  it  lies  on 
side  of  the  ecliptic  aa  the  earth's  equator. 

Ill  this  statement  the  "periodic  inequalities  "  of  the  mot 
arc  ncLilcctcd. 

In  this  and  the  previous  papers  it  is  proved  that  frictit 
tho  ciirlli  are  causing,  and  must  have  caused,  changes  in 
iiilioii  oi'  the  .system.  The  changes  in  the  past  may  be  sui 
Ibllyws:  — 

1.  The  lunar  period  must  have  been  shorter  in  they 
be  traced  liack  from  the  present  27*3  days,  until  initii 
revolved  round  the  earth  in  from  2  to  4  boars. 

2.  The    inclination  of  the  orbit  to  the  proper    pla 
been  liiriror  in  the  past,  and  may  be  traced  hack  fri 

iind  in  the  m<>rc  remote  past  the  inclination  was  less, 
v,:rjs„.,ll,„p™. 

;!.  The  iiK'lination  of  the  proper  piano  to  the  & 
iKcn  fircattr  in  fhe  past,  and  may  bo  traced  back  fro 
iinlil  it  was  in  very  early  times  about  11°  45'.  I 
initially  this  inclination  was  less,  and  that  the  11° 

fciitricity  of  the  orbit  must  have  been  (f 
ne  time  it  had  a  minimum  valno,  bef 
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The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 


L  "  On  the  Secular  Changes  in  the  Elements  of  the  Orbit  of  a 
Satellite  revolving  about  a  Tidally  Distorted  Planet."  By 
G.  H.  Darwin,  F.R.S.    Received  December  8,  1879. 

(Abstract.) 

This  memoir  is  a  continuation  of  four  previous  papers  on  similar 
subjects.* 

As  the  investigation  is  entirely  analytical,  and  is  rather  long  and 
complicated,  it  seems  useless  to  attempt  a  detailed  abstract,  and  I 
shall  therefore  confine  myself  to  giving  an  outline  of  the  results,  and 
a  few  remarks  on  the  method  employed.  I  also  here  partially  replace 
the  analytical  treatment  of  the  paper  itself  by  general  reasoning,  sb  as 
to  give  some  idea  of  the  physical  causes  which  underlie  the  definite 
results  of  analysis.     These  general  considerations  are  not,  however, 

*  1.  "  On  the  Bodily  Tides  of  Viscous  and  Semi-elastic  Spheroids,  and  on  the 
Ocean  Tides  upon  a  Yielding  Nucleus.*' 

2.  "  On  the  Precession  of  a  Viscous  Spheroid,  and  on  the  Remote  History  of  the 
Earth.'* 

3.  "  On  Problems  connected  with  the  Tides  of  a  Viscous  Spheroid." 
These  three  will  appear  in  the  *'  Phil.  Trans."  for  1879. 

4.  "  The  Determination  of  the  Secular  Effects  of  Tidal  Friction  by  a  Q-raphical 
Method."    "  Proc.  Eoy.  Soc.,'*  vol.  xxix,  1S79. 
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what    IcRs;  and  tbe  moon  movin?  in  a  cironlar  nrHt,  Uic 
wliidi  is  nearly  coincidetit  with  tbe  earth's  p(|nalor. 

T)iis  initinl  configuration  Rnggestti  tbut  the  mcxin  wim  pnxlncMl  hf 
the  ruptnre,  in  conBeqneuou  of  rapid  rotation  or  otJiFir  c^iutaa.  of  M^ 
))riti)t'vul  planet,  whose  innss  w^a  madt)  ap  at  thci  prri«<nt  OM-th  «t)d 
moiiii.  The  ooincideDce  in  noted  in  the  paper,  th&t  tho  Rhortiist  period 
[if  ri'volntion  of  a  fluid  rnusn  of  tho  sntne  meiui  (InnNitj  an  tho 
whicli  is  consistent  with  au  (.'llipsoiilal  form  of  eqailibrinmain  2  hom 
'24  miiLutcH;  and  that  il  the  moon  were  to  revolvo  aboat  the  oartll 
with  this  periodic  time^  the  surfaces  of  the  two  bodies  woold 
jilmost  in  contact  with  oao  another. 

Tidal  friction  is  a  vera  cnusa,  and  the  oiilr  postulates  of  this  tb«^ 
of  tilt  evolution  of  our  systom  are  lapse  of  time,  and  the  non-existt 
of  siilticient  diffused  matter   to  materially  affect  the  motions  of 
rnoon  and  earih  through  space. 

Tlic  Rj-stema  of  the  other  planets  of  tho  solar  systom  are  i  iiiiiimljr 
froiri  till-  point  of  view  of  this  tidal  theory  of  evalntioo,  and  it  is  tauf' 
that    lliiTO   lire  many    ciiufirmatory   circumstances,  and    nono  wi 
appcnr   cundenmatory.      Bnt  as  the  present   investigation  only  bn 
of  a  planet  with  a  single  satellite,  it  necessarily  Icavi's  manj  pm 
iintrini'hcd.     In  relation  to  this  theory,  the  most  interenting  poi&f 
the  sati'llitijs  of  Hars,  and  the  inclinations  of  the  orbits  of  Jv 
satellites  to  their  proper  planes,  » 

,%'(-/.■«  on  tin:  Method  of  Inveit{i,atlon— General  Rcaxoiinig  in  StA, 
for  Analytical  Treahnrnl. 

The  fiilloivirfj  are  the  titles  of  the  several  parts  into  which' 

I,  'I'lic  theory  of  the  disturbing  function. 

I I.  Si"„-nlar  I'hangcs  in  the  inclination  of  the  orhit  of  a  sate' 
1!1.  Till'  pmper  planes  of  the  satellite,  and  of  the  planet, 

IV.  hitf^Tiitinn  for  changes  of  the  inclination  of  the  o' 

v.   Sri'xilurclinnges  in  the  eccentricity  of  the  orbit  of  a  a 

VI,  hii<'i;mtii>ii  for  changes  of  eccentricity  of  the  orbit. 

VII,  .SiiTiiiiiiiry  and  discussion  of  results. 

\'ill.  Keviciv  of  the  tidal  theory  of  evolution  as  apj 
rill  I  li.  iind  tlic  r)th('r  members  of  tho  solar  system. 

'I'lu'fic  lilies  indicate  the  method  of  treatment. 

Tiie  jij>|iliriitii>n  of  the  method  of  the  disturbing  func 
].ri>-iril  piiihli'm  has  certain  peculiarities.  The  attraction 
riUMii  It)  the  ].liinet  by  a  satellite  is  (he  cause  of  the  pe 
ilie    riiti'llite's   motion.     Now  tbe  stat«  of  tidal  distnr* 
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inaTiTmiTn  vaJne,  and  again  earlier  it  was  very  small,  or  zero  ;  or  else 
the  maximam  value  never  occurred,  and  the  eccentricity  has  always 
been  increasing.  The  history  of  the  eccentricity  depends  on  the 
nature  of  the  tides  in  the  earth,  but  the  former  of  these  alternatives 
seems  the  more  probable. 

We  will  now  consider  the  earth. 

At  the  present  time  the  earth  rotates  in  24  hours,  its  equator  is  in- 
•clined  at  %n  angle  of  about  9"  to  a  plane,  which  is  called  in  this  paper 
"  the  proper  plane  of  the  earth."  This  proper  plane  is  inclined  at  an 
angle  of  23°  28'  to  the  ecliptic,  and  its  intersection  with  the  ecliptic  is 
the  equinoctial  line. 

(In  the  ordinary  mode  of  statement  the  proper  plane  is  called  the 
mean  equator,  and  the  true  equator  is  described  as  nutating  about  the 
mean  equator  with  a  period  of  19  years,  and  an  amplitude  of  9''.) 

It  is  here  proved  that  the  frictional  tides  in  the  earth  have  caused 
changes,  which  may  be  summarised  as  follows : — 

5.  The  earth's  period  of  rotation,  or  the  day,  must  have  been 
shorter  in  the  past,  and  it  may  be  traced  back  from  the  present  value 
•of  24  hours,  until  initially  it  was  from  2  to  4  hours  in  length.  It  was 
:then  identical  with  the  moon's  period  of  revolution  as  described  in  (1). 

6.  The  inclination  of  the  equator  to  "  the  earth's  proper  plane,"  must 
Jbave  been  larger  in  the  past,  and  may  be  traced  back  from  the  present 
value  of  9",  until  it  was  about  2°  45'.  This  2°  45'  was  a  maximum 
inclination,  and  in  the  more  remote  past  the  inclination  was  less,  and 
initially  it  was  very  small,  or  zero. 

7.  The  inclination  of  "  the  earth's  proper  plane "  to  the  ecliptic 
must  have  been  smaller  in  the  past,  and  may  be  traced  back  from  its 
present  value  of  23°  28',  until  initially  it  was  11°  45',  or  perhaps 
Eomewhat  less.  It  was  then  identical  with  the  proper  plane  of  the 
lunar  orbit;  and  this  is  true  whether  or  not  11°  45'  was  a  maximum 
inclination  of  the  lunar  proper  plane  to  the  ecliptic,  as  described 
m(l). 

The  preceding  statements  may  be  subject  to  varieties  of  detail, 
according  to  the  nature  of  the  tides  raised  in  the  earth,  but  the  above 
is  a  summary  of  what  appears  to  be  the  most  probable  course  of 
-evolution. 

The  hypothesis  which  is  suggested  as  most  probable  is,  that  the 
more  recent  changes  in  the  system  have  been  principally  dae  to 
oceanic  tidal  friction,  and  that  the  more  ancient  changes  were  pro- 
duced by  bodily  tidal  friction. 

These  seven  statements,  when  taken  together,  exhibit  the  earth  and 
moon  initially  nearly  in  contact ;  the  moon  always  opposite  the  same 
face  of  the  earth,  or  moving  very  slowly  relatively  to  the  earth's  sur- 
face ;  the  whole  system  rotating  in  from  2  to  4  hours,  about  an  axis 
inclined  to  the  normal  to  the  ecliptic  at  an  angle  of  11°  45',  or  some- 
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is  to  incrcMe  Hbe  distanoe  of  the  satellite  from 
transfer  m.  of  m«  from  that  of  planetary  rotation 
motion. 

If  then  the  direction  of  the  planet's  axis  of 
change  it  follows  that  the  normal  to  the  Innar  or 
the  axis  of  resultant  m.  of  m.     By  drawing  a  seriei 
on  the  same  diameter  and  keeping  one  side  oonstan 
may  he  easily  seen  to  he  tnie. 

The  ahoYe  statement  is  equivalent  to  saying  thai 
the  satellite's  orfait  will  decrease. 

Bnt  this  decrease  of  inclination  does  not  alwa^ 
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planet  depends  upon  the  position  of  the  satellite,  therefore  the 
elements  of  the  satellite's  orbit  will  appear  in  the  disturbing  function, 
as  representing  the  state  of  tidal  disturbance  in  the  planet ;  but  these 
elements  also  appear  as  representing  the  position  of  the  satellite  as  a 
body  whose  motion  is  perturbed.  In  order  to  apply  the  method  of 
the  disturbing  function  they  ought  only  to  enter  in  the  latter  capacity. 
This  difficulty  is  overcome  by  supposing  the  earth  to  have  two 
satellites ;  one  the  tide-raising  satellite  (called  Diana  in  the  memoir), 
and  the  other  the  perturbed  satellite  or  moon.  Then,  after  the  appli- 
cation of  the  method  of  the  disturbing  function,  the  tide-raising 
satellite  is  made  identical  with  the  moon ;  and  thus  the  effect  of  the 
lunar  tides  on  the  moon*s  motion  is  determined.  Or  else  the  tide- 
raising  satellite  is  made  identical  with  the  sun,  so  as  to  find  the 
effect  of  the  solar  tides  on  the  moon.  The  method  of  the  disturbing 
function  is  also  applied  to  determine  the  perturbations  of  the  earth's 
rotation,  and  a  similar  artifice  has  to  be  used,  because  the  earth  has 
to  be  treated  in  two  capacities,  ^r^^  as  a  body  in  which  tides  are 
raised,  and  secondly,  as  a  body  whose  rotation  is  perturbed. 

The  problem  is  divided  into  the  two  following  cases  : — 

Ist.  Where  the  lunar  orbit  is  circular,  but  inclined  to  the  ecliptic. 

2nd.  Where  the  orbit  is  elliptic,  but  coincident  with  the  ecliptic. 

The  previous  paper  on  "  Precession,"  dealt  with  the  mean  distance 
of  the  moon,  and  with  the  rotation  of  the  earth  and  the  obliquity  of 
the  ecliptic ;  therefore,  in  the  present  paper  the  inclination  and  eccen- 
cricity  afford  the  principal  topics. 

The  first  of  these  problems  occupies  the  larger  part  of  the  paper. 
If  the  satellite  and  planet  be  the  only  bodies  in  existence,  the  problem 
of  the  inclination  is  not  very  complicated. 

The  following  considerations  (in  substitution  for  the  analytical 
treatment  of  the  paper)  will  throw  some  light  on  the  general  effects  of 
tidal  friction : — 

Suppose  the  motions  of  the  planet  and  of  its  solitary  satellite  to  be 
referred  to  the  invariable  plane  of  the  system.  The  axis  of  resultant 
moment  of  momentum  is  normal  to  this  plane,  and  the  component 
rotations  are  that  of  the  planet's  rotation  about  its  axis  of  figure,  and  that 
of  the  orbital  motion  of  the  planet  and  satellite  round  their  common 
centre  of  inertia ;  the  axis  of  this  latter  rotation  is  clearly  the  normal 
to  the  satellite's  orbit.  Hence  the  normal  to  the  orbit,  the  axis  of 
resultant  m.  of  m.,  and  the  planet's  axis  of  rotation,  must  always  lie  in 
one  plane.  From  this  it  follows  that  the  orbit  and  the  planet's  equator 
must  necessarily  have  a  common  node  on  the  invariable  plane. 

If  either  of  the  component  rotations  alters  in  amount  or  direction,  a 
corresponding  chauge  must  take  place  in  the  other,  such  as  will  keep 
the  resultant  m.  of  m.  constant  in  direction  and  magnitude. 

It  appears  from  the  previous  papers  that  the  effect  of  tidal  friction 
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is  to  increase  the  distance  of  the  Hateilite 
tTBDsfer  m.  of  m.  from  that  of  planetary  rot 
motioD. 

If  thou  the  direction  of   the   planet's  ax 

change,  it  follows  that  tho  normal  to  the  Ini 

s  of  resnltant  tn.  of  m.     By  drawing  a 

e  diameter  and  keeping  one  aide  cc 

may  be  easily  seen  to  be  tme. 

The  above  statement  is  eqniTalciit  to  sayia 
the  satellite's  orbit  will  decrease, 

Bnt  this  decrease  of  inclination  does  not 
place,  for  the  previous  investigations  show  ilu 
friction  may  be  to  increase  the  obliquity  of  th 
invariable  plane,  or  in  other  words  to  increofl 
planet's  axis  to  the  axis  of  resultant  m.  of  m. 

Now  if  a  parallelogram  be  drawn  with  a  ci 
easily  be  seen  that  by  increasing  the  inclinat 
to  the  diameter  (and  even  decreasing  its  len 
the  other  side  to  the  diameter  may  also  be  iruB 
The  most  favourable  ease  for  snch  a  chaogg 
inclination  is  increased  is  nearly  as  long  as  tb 
it  follows  tjiat  the  inclination  of  the  sateljite'i 
plane  may  increase,  and  also  that  the  case  wl 
increafie  is  when  the  m.  of  m.  of  planetary  roti 
with  that  of  the  orbital  motion.  The  ana 
problem  agrees  with  these  results,  for  it  shows 
the  planet  be  small  the  inclination  of  the  orbit 
if  the  viscosity  be  large,  and  if  the  satellite  moi 
time  (as  estimated  in  rotations  of  the  planet), 
the  orbit  will  increase. 

These  results  serve  to  give  some  idea  of  tiH 
according  to  the  memoir,  gave  rise  to  the  pre 
lunar  orbit  to  the  ecliptic.  For  the  analytii 
that  the  inclination  of  the  lunar  orbit  to  iti 
replaces  the  invariable  plane  when  the  solar  a 
was  initially  small,  that  it  then  increased  to  i 
diminished,  and  that  it  is  still  diminishing. 

Bnt  the  laws  above  referred  to  would,  by  tl 
nnsalisfactory  explanation  of  the  inclinatio: 
because  the  snn's  attraction  was  found  to 
importanoe. 

It  was  stated  above,  that  if  the  viscosity  of  ■ 
inclination  of  the  orbit  of  the  solitary  satellite 
■will  always  diminish;  but  when  solar  inflnei 
corresponding  statement  is  not  true  with  regain 
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the  lunar  orbit  to  the  proper  plane,  for  during  one  part  of  the  moon's 
history,  the  inclination  to  the  proper  plane  would  have  increased,  even 
if  the  viscosity  of  the  earth  had  been  small. 

It  does,  however,  follow,  from  the  analytical  investigation,  that  if 
the  lunar  orbit  was  piimitively  coincident  with  the  earth's  equator, 
then  the  present  amount  of  inclination  of  the  lunar  orbit  to  the 
ecliptic  (viz.,  5°  9')  is  not  explicable  on  the  hypothesis  of  small 
viscosity  of  the  earth,  but  is  explicable  if  we  suppose  that  the  viscosity 
of  the  earth  has  always  been  large,  as  it  certainly  is  at  present.  The 
theory  which  gives  the  most  perfect  account  of  the  present  amount  of 
inclination  of  the  lunar  orbit  is,  that  the  more  recent  changes  in  the 
system  have  been  principally  due  to  oceanic  tidal  friction,  and  the  more 
ancient  principally  to  bodily  tidal  friction,  with  a  large  degree  of 
viscosiiy  of  the  earth's  mass. 

The  presence  of  the  sun  rendered  it  expedient  to  divide  the  problem 
of  the  inclination  into  three  cases : — 

1st.  When  the  solar  influence  is  large,  as  it  is  at  present. 

2nd.  When  the  solar  influence  is  small,  or  nil.  This  is  the  case  to 
which  the  above  general  considerations  apply. 

And  the  third  case  is  intermediate  between  the  first  and  second 
cases. 

For  the  t^ird  case  the  theory  of  the  proper  planes  of  the  moon  and 
earth  had  to  be  investigated,  and  the  problem  resolved  itself  into  the 
determination  of  the  secular  changes  of  the  positions  of  the  two 
proper  planes,  and  of  the  inclinations  of  the  planes  of  motion  of  the 
two  parts  of  the  system  to  their  respective  proper  planes. 

The  questions  involved  in  these  three  cases  are,  however,  so  com- 
plex that  it  does  not  seem  advisable  to  enter  on  them  in  this  abstract. 


The  second  of  the  two  problems,  that  of  the  eccentricity  of  the 
orbit,  is  also  treated  by  the  method  of  the  disturbing  function. 

The  result,  for  a  viscous  planet,  shows  that  in  general  the  eccen- 
tricity of  orbit  will  increase;  but  if  the  obliquity  of  the  planet's 
equator  be  nearly  90°,  or  if  the  viscosity  be  so  great  as  to  approach 
perfect  rigidity,  or  if  the  periodic  time  of  the  satellite  (measured 
in  rotations  of  the  planet)  be  short,  the  eccentricity  will  slowly 
diminish. 

When  the  viscosity  is  small  the  law  of  variation  of  eccentricity  is 
very  simple,  and  it  appears  that  if  eleven  periods  of  the  satellite 
occupy  a  longer  time  than  eighteen  rotations  of  the  planet,  the  eccen- 
tricity increases,  and  vice  versd.  Hence,  in  the  case  of  small  viscosity, 
a  circular  orbit  is  only  dynamically  stable  if  the  eleven  periods  are 
shorter  than  the  eighteen  rotations. 

In  the  history  of  a  single  satellite  revolving  about  a  planet  of  small 
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viscoBity,  the  perioda  of  rotation  and  revo 
and  end  wiLh  identity ;  hence  the  occentri 
maximmn,  and  Qltimatelr  decreases  to  zero  i 

It  is  also  proved,  that  in  the  historj-  of  i 
about  a  planet  of  large  viscosity,  the  eccent 
a  maxtmuni,  decreases  slowly  to  a  minimum, 
but  the  actual  degree  of  viBcosity  has  an  ii 
results. 

The  following  considerations  (in  substil 
treatment  of  the  paper)  throw  some  light  a 
these  results. 

Consider  a  salellito  revolving  about  a  fd 
with  a  periodic  time  which  is  long  com|i 
rotation  of  the  planet ;  and  suppose  that  friet 
the  planet.  i 

The  luaior  axis  of  the  tidal  spheroid  ak 
the  satellite,  and  exercises  a  force  on  thn 
accelerate  its  linear  velocity.  i 

When  the  satellite  is  in  perigee  the  tides  i 
tarbing  force  is  greater  than  when  the  saltillS 

The  disturbing  force  may,  tlieroforo,  bo  n 
force,  always  tending  to  accelerato  the  inotl4 
periodic  force  which  accelerates  in  perigei 
The  constant  force  causes  a  secular  incre«i 
distance  and  a  retardation  of  its  mean  mot&) 

The  accelerating  force  in  perigee  causes  ti 
further  tlian  it  would  otherwise  have  doM 
round  to  apogee  it  is  more  remote  from  tb 
force  in  apogee  acts  exactly  inversely,  and  i 
diatance.  Thus,  tho  apogeean  distance  iaoi 
distance  diminishes,  or  in  other  words,  the  < 


Now  consider  another  case,  and  snppow 
time  to  be  identical  with  that  of  the  plane 
the  satellite  is  in  perigee  it  is  moving  fflstei 
and  when  in  apogoo  it  is  moi-ing  slower;  1: 
lag,  and  at  perigee  they  are  accelerated.  K( 
tides  give  rise  to  an  accelerating  force  on  1 
the  perigeean  distance,  whilst  the  acceleratee 
to  a  retarding  force,  and  decrease  the  ap<^ 
this  case  tho  eccentricity  of  the  orbit  will  cUl 

It  follows  from  these  two  i-esults  that  11 
mediate  periodic  time  of  tho  satellite,  for  lA 
not  tend  to  vary.* 

■  Tli«  subilanee  of  the  pnxy'  ^'iL9ipla4»ti 
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But  the  preceding  general  explanations  are  in  reality  somewhat  less 
satisfactory  than  they  seem,  because  they  do  not  make  clear  the 
existence  of  certain  antagonistic  inBuences. 

Imagine  a  satellite  revolving  about  a  planet,  and  subject  to  a  con- 
stant accelerating  force,  which  we  saw  above  would  result  from  tidal 
reaction. 

In  a  circular  orbit  a  constant  tangential  force  makes  the  satellite's 
distance  increase,  but  the  larger  the  orbit"  the  less  does  the  given  force 
increase  the  mean  distance.  Now  the  satellite,  moving  in  the  eccentric 
orbit,  is  in  the  apogeean  part  of  its  orbit  like  a  satellite  moving  in  a 
circular  orbit  at  a  certain  mean  distance,  but  in  the  perigeean  part  of 
the  orbit  it  is  like  a  satellite  moving  in  a  circular  orbit  but  at  a 
smaller  mean  distance ;  in  both  parts  of  the  orbit  it  is  subject  to  the 
same  tangential  force.  Then  the  distance  at  the  perigeean  part  of  the 
orbit  increases  more  rapidly  than  the  distance  at  the  apogeean  part. 
Hence  the  constant  tangential  force  on  the  satellite  in  the  eccentric 
orbit  will  make  the  eccentricity  diminish.  It  is  not  clear  from  the 
preceding  general  explanation,  when  this  cause  for  decreasing  eccen- 
tricity will  be  less  important  than  the  previous  caase  for  increasing 
eccentricity. 

The  disturbing  causes  which  tend  to  make  the  eccentricity  diminish 
are  (i)  the  principal  semi-diurnal  tide,  (ii)  the  *'  faster  elliptic  semi- 
diurnal tide,"  (iii)  the  **  elliptic  monthly  tide."  The  increase  of  eccen- 
tricity depends  entirely  on  (iv)  the  **  slower  elliptic  semi-diurnal  tide." 
If  the  periodic  time  of  the  satellite  be  long,  as  measured  in  rotations 
of  the  planet,  the  importance  of  the  tides  (i),  (ii),  and  (iv)  are  as  the 
numbers  4,  1,  and  49  respectively,  and  the  importance  of  (iii)  is  very 
small ;  if  the  satellite  were  to  move  faster,  the  importance  of  (iv) 
would  decrease,  and  that  of  (i),  (ii),  and  (iii)  would  increase. 

In  the  outline  of  results  at  the  beginning  of  the  abstract,  it  was 
stated  that  the  periodic  times  of  revolution  and  rotation  of  the  moon 
and  earth  might  be  traced  back  to  a  common  period  of  from  2  to 
4  hours.  In  the  paper  on  "  Precession  "  the  common  period  was 
found  to  be  a  little  over  5  hours  in  length;  but  that  result  was 
avowedly  based  on  a  partial  neglect  of  the  sun's  attraction.  In  this 
memoir  certain  further  considerations  are  adduced,  which  show  that, 
while  the  general  principle  remains  intact,  yet  the  common  period  of 
revolution  of  the  earth  and  moon  must  initially  have  been  shorter  than 
-!>  hours  to  an  amount,  which  is  uncertain  but  is  probably  large. 
The  period  of  from  2  to  4  hours  is  here  assigned,  because  it  is  me- 
chanically impossible  for  the  moon  to  revolve  about  the  earth  in  less 
than  2  hours,  and  it  is  uncertain  how  the  rupture  of  the  primeval 
planet  took  place. 

veraation  by  Sir  William  Thomson,  when  I  mentioned  to  him  the  results  at  which  I 
had  arrired. 
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led  to  a  discovery  of 
consideration  is,  how 
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pouring  of  hot  water  into  the  vessel.  From  this  sonlx^e  the  heat  pro- 
ceeded through  air  or  any  other  gas  introduced  into  the  cylinder 
underneath.  To  measure  the  heat  transmitted,  a  flattened  thermo- 
electric couple  was  fixed,  in  the  first  experiment,  at  a  distance  of 
23  millims.  below  the  polished  surface ;  two  wires  being  carried  from 
the  couple  through  the  plate  of  the  air-pump  to  a  suitable  galvano- 
meter. 

It  immediately  appeared  that  the  experiments  were  vitiated  by  the 
heat  conducted  from  the  source  down  the  glass  cylinder.  Below  the 
level  of  the  thermo-electric  couple  this  heat  was  even  sensible  to  the 
touch.  Currents,  Professor  Buff  rightly  inferred,  would,  under  the 
circumstances,  be  unavoidable.  He  would  have  free  convectiony. 
whereas  his  object  was  to  investigate  conduction.  He  further  con- 
cluded, also  rightly,  that  such  currents  were  present  in  the  experi- 
ments of  Magnus,*  although  through  the  disposition  of  his  apparatus,. 
"  he  probably  failed  to  appreciate  the  importance  '*  of  this  source  of 
error. 

Thus  warned.  Professor  Buff  changed  his  mode  of  experiment,  and 
the  change  will  be  best  described  and  illustrated  in  his  own  words : — 
"  I  had  observed,"  he  says,  "  that  if  the  hot  liquid  in  the  brass  vessel 
was  allowed  to  cool  freely,  the  astatic  needle,  nevertheless,  after  some 
time,  assumed  a  maximum  defiection,  indicating  a  state  of  equilibrium 
between  the  influx  and  loss  of  heat.  It  is  known  that  tolerably  strong- 
deflections  of  the  needle  of  a  highly  sensitive  galvanometer  corre- 
spond to  but  slight  alterations  of  temperature  at  the  soldered 
junction.  If,  therefore,  we  know  the  temperature  of  the  brass  vessel 
(or  rather  that  of  its  bottom)  at  the  commencement  of  the  experi- 
ment, and  the  temperature  of  its  fluid  contents  for  which  the 
deflection  of  the  needle  is  greatest,  then  the  thermal  equilibrium,-^ 
upon  which  the  highest  temperature  at  the  soldered  junction  depends,, 
must  be  very  nearly  proportional  to  the  difference  of  these  two  tem- 
peratures of  the  brass  vessel,  at  least  so  long  as  the  thermal  dif« 
ferences  are  small. 

**  Accordingly  the  brass  vessel,  at  the  commencement  of  the  experi- 
ment, was  filled  with  water  at  such  temperature  that  the  needle- 
pointed  to  0°,  and  remained  stationary.  This  having  been  effected^ 
part  of  the  cold  water  was  taken  out  and  replaced  by  hot  water ;  the 
temperature  of  the  mixture  was  observed,  and  simultaneously  the 
time  of  pouring  in  was  noted.     The  temperatures  were  taken  by  a 

*  The  existence  of  these  currents  was  not  only  inferred,  but  they  were  rendered 
risible  to  the  eye  many  years  ago,  by  means  of  the  illuminated  fumes  of  chloride  of 
ammonium.  See  section  headed  "  Proof  of  Convection,"  Contributions  to  Molecular 
Physics,  p.  881. 

t  I  hare  found  some  difficulty  in  seizing  the  exact  connexion  between  thi» 
expression  and  the  words  which  follow  it. 
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quotients  obtained  with  different  gases  would  express  their  relative 
actions.  It  is,  I  suppose,  on  considerations  su-ch  as  these  that  Pro- 
fessor Buff  has  based  his  column  of  "  comparable  values,"  where  the 
galvanometric  value  is  multiplied  by  100  and  divided  by  the  thermo- 
metric  value. 

But  the  actaal  experiments  of  Professor  Buff  are  by  no  means  so- 
simple  as  the  ideal  ones  here  described.  He  brings,  first  of  all,  his 
needle  to  zero  by  the  introduction  of  water  of  the  proper  temperature 
into  his  brass  vessel.  Removing  a  portion  of  this  he  pours  in  hot 
water,  and  has  to  wait  for  22  minutes  when  air  is  in  his  cylinder,  and 
for  15  minutes  when  the  cylinder  is  exhausted,  before  his  needle  attains 
its  maximum  deflection.  Here  it  remains  stationary  "  for  30  minutes 
and  more."  Thus  while  the  temperature  of  the  polished  brass  bottom 
is  steadily  sinking  from  56°  to  AaV'I^  the  deflection  is  gradually 
rising,  obviously  not  through  the  action  of  wbat  was  intended  to  be 
the  source.  Professor  Buff  then  divides  his  maximum  galvanometric 
deflection,  multiplied  by  100,  by  the  difference  between  his  initial  and 
his  final  temperature,  and  obtains  in  tbis  way  his  column  of  **  com- 
parable values." 

Though  begun  with  a  view  to  conduction,  no  inference  regarding 
this  subject  is  drawn  from  these  experiments.  We  pass,  without  notice, 
from  conduction  to  diathermancy.  Professor  Buff  pointing  out  that  his 
result  agrees  with  that  of  Magnus  in  making  the  denser  hydrogen 
**  more  diathermanous  than  the  rarefied."  Finding,  however,  in  oppo- 
sition to  Magnus,  that  air  showed  a  similar  deportment,  being  more 
diathermanous  at  760  millims.  than  at  15  millims.,  Professor  Bufl'was 
induced  to  seek  the  cause,  and  if  possible  avoid  the  occurrence  of  so 
abnormal  a  result. 

Round  tbe  cylinder  containing  his  gases  he  placed  a  second  and 
wider  one,  and  filled  the  space  between  them  with  cold  water  io 
within  7  millims.  of  the  bottom  of  his  brass  vessel.  The  deflection  of 
the  needle  fell  considerably,  and  the  anomaly  of  dense  air  being  more 
diathermanous  than  rarefied  air  disappeared.  Even  here,  however. 
Professor  Buff  detected  currents,  or  a  cause  of  currents,  the  heat 
conducted  down  the  interior  cylinder  rendering  the  water  warm  at 
the  top.  Lowering  his  junction  to  a  depth  of  45  millims.  below 
the  source  of  heat,  he  allowed  cold  water  to  enter  his  annular  space 
below  and  to  run  off  above.  Here  he  halted,  as  if  every  source  of  error 
had  been  removed.  By  means  of  his  water  jacket  he  lessened  his 
radiating  zone  of  glass  and  diminished  the  area  of  the  heated  vertical 
surface  with  which  his  gases  came  into  contact.  It  is  obvious,  how- 
ever, that  no  contact  of  the  kind  ought  to  have  been  at  all  permitted. 
The  brass  plate,  which  he  regarded  as  his  source  of  heat,  must  have 
accepted  almost  momentarily  the  temperature  of  the  water  above  it ; 
still,  even  in  the  improved  experiments,  8  minutes  were  required  to 
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enable  ihe  needle  to  rise  from  0°  to  28^'G,  the 
presnmptiye  sonroe  foiling  at  the  same  time  from  4 
experimente  condacted  in  this  way  that  Professo: 
<slasionB  which,  were  they  eorreot,  would  leave  ei( 
diligent  and  carefol  work,  on  mj  part,  in  a  i 
Hydrogen  gas  he  alleges  to  be  as  diathermanona 
more  than  BO  per  cent,  of  his  tadiation  is,  as  befi 
by  45  millims.  of  air. 

With  the  fact  before  him  that  the  deflection  o 
needle  was  rising  while  the  temperature  of  his  braf 
it  must  have  occurred  to  Professor  Buff  that  no^ 
glass  was  his  really  efficient  source  of  heat.  The 
chilled  by  his  gases,  currents  were  established,  i 
under  such  circumstances  should  transfer  more  1 
than  air  is  only  what  might  be  expected  from  tiie  ] 

Professor  Buff   next  lowered  his  junction  to 
millims.  below  his  source,  and  obtained  an  unexpee 
of  the  absorption  increasing,  as  it  ought  to  have  d 
of  the  absorbing  layer  was  more  than  doubled,  it  if 
cent.     The  deflections  here  were  small,  and  on  o 
brass  surface  with  lampblack,  "  though  the  radii 
source  of  heat  must  have  been  six  or  seven  timet 
ously,"  there  was  hardly  any  increase  of  the  defleol 
was  here  acted  on  simply  by  the  chilled  sides  < 
vessel.     I  have  failed  to  extract  a  clear  meaning  fr 
remarks  on  this  point ;  but,  as  a  matter  of  &ot,  i 
his  cylinder  was  covered  with  double  cardboard,  tl 
of  dry  air  in  great  part  reappeared.    The  only  dist 
left  upon  the  mind  is  that,   in  Professor  Buf 
surface  of  his  glass  cylinder,  which  ought  to 
neutral,  played  a  most  influential  part.* 

Experimental  Examinaiion  of  Professw 

The  disposition  of  the  apparatus  devised 
relation  to  radiant  heat,  the  gaseous  form  of 
under  the  yoke  of  experiment,t  is  too  well ' 
From  the  source  of  heat  the  rays  passe/ 
chamber  and  then  through  an  experiments 

*  Thinking  that  the  original  (German  might  er 
moaning  more  effectually,  I  sought  for  the  or 
The  article  appears  to  have  been  written  and 
public. 

t  Professor  Magnus's  first  paper  on  radiatic 
three-quarters  posterior  to  mj  first  communicf 
tributions  to  Molecular  Fhjsics,  Hiftoric  Be: 
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^aJ  dry  and  pellacid  plates  of  rock-salt.  The  vacnons  chamber  was 
clasped  at  one  place  by  a  water  jacket,  which  cat  off  all  conduction 
from  the  source.  At  some  distance  beyond  the  end  of  the  tube  stood 
tke  thermo-pile,  furnished  with  a  double  cone,  with  a  view  to  the 
a^pplication  of  the  principle  of  compensation.  The  experimenter  who 
does  not  shrink  from  the  discipline  necessary  to  master  it  will  find 
this  method  powerful,  exact,  and  under  the  most  complete  control. 
By  it  was  determined,  for  the  first  time,  in  1859,  the  action  of  a.  con- 
siderable number  of  gases  and  vapours,  one  result  of  the  inquiry  being 
that,  while  some  transparent  gases  were  more  impervious  than  many 
solids,  the  dry  atmospheric  air  enveloping  our  earth  was  a  practicfd 
vacuum  to  the  rays  of  heat. 

From  this  result  the  experiments  of  the  late  Professor  Magnus  led 
him  to  dissent.  We  once  discussed  our  differences  viva  voce ;  he  urging 
against  me  an  objection  which  has  been  revived  by  Professor  Buff*. 
I  had,  he  said,  sent  my  heat  through  a  vacuous  chamber  into  my 
experimental  tube ;  but  between  that  tube  and  my  pile  there  existed 
a  space  of  air,  in  which,  he  asserted,  the  absorption  which  I  had  failed 
to  detect  in  the  tube  itself  took  place.  He  mentioned  a  series  of 
experiments  which  he  was  then  on  the  point  of  publishing,  and  which, 
he  said,  proved,  not  only  that  the  absorption  of  radiant  heat  by  air 
was  considerable,  but  also  that  a  layer  of  air  12  inches  thick  sufficed 
to  intercept  all  the  rays  that  air  was  capable  of  intercepting.  A  pub- 
lished account  of  these  results  1  have  never  been  able  to  find,  but  they 
must  have  closely  resembled  those  now  under  discussion. 

1  asked  Professor  Magnus  whether  he  thought  a  stratum  of  air 
^^^th  of  an  inch  in  thickness  would  exert  any  sensible  absorptive 
action.  He  promptly  replied  in  the  negative.  I  therefore  made  the 
following  experiment,  which  has  been  overlooked  by  Professor  Buff*. 
Placing  the  anterior  cone  of  my  pile  within  the  experimental  tube,  I 
was  able  to  bring  its  naked  face  within  -^^ih.  of  an  inch  of  my  terminal 
plate  of  rock-salt.  There  was  not  the  slightest  alteration  of  the  pre- 
viously obtained  result.      Dry  air,  as  before,  behaved  like  a  vacuum. 

Fig.  1  is  a  rough  vertical  section  of  one  of  the  pieces  of  apparatus 
recently  arranged  with  a  view  of  testing  Professor  Buff's  conclusions. 
F  and  P  are  two  chambers  formed  of  brass  tubing  2|  inches  in  diameter. 
The  chamber  F  is  soldered  to  the  cube  C,  one  face  of  which  consti- 
tutes the  source  of  heat.  W  is  a  jacket  in  which  water  of  the 
temperature  of  the  surrounding  atmosphere  constantly  circulates, 
preventing  the  heat  conducted  from  C  from  passing  further.  The 
chamber  F  is  separated  from  the  chamber  P  by  an  intermediate 
chamber  i,  bounded  by  the  rock  salt  plates  f ,  r'.  Within  the  chamber  P 
is  the  thermo-pile,  from  which  wires  pass  through  the  tube  to  a  sensi- 
tive galvanometer.     S  is  a  screen,  and  C  a  compensating  cube.     The 
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chftmber  P  is  closed  dt  its  end  by  the  rock-sfllt  plate  (,  throngh  which 
the  heat  reys  from  C  can  reach  the  posterior  face  of  the  pile. 


Adjasting  the  screen  8  so  that  the  rays  impinf^g  on  both  sides  of 
the  pile  accurately  neutralise  each  other,  the  rock-ialt  plaiei  r,r',  being 
first  in  eonlaet,  by  means  of  ei  screw  d,  one  of  the  plates  /  is  withdrawn 
from  the  other,  dry  air  being  introduced  into  the  space  between  them. 
The  layer  of  air  conld  be  gradaally  angmented  in  thickness  from  zero 
to  3  inches,  which  exceeds  by  more  than  50  per  cent,  the  thickness  of 
the  layer  to  which  Professor  Bnff  ascribes  an  absorption  of  50  or  60 
per  cent. 

The  apparatns  is  delicately  constructed,  and  to  avoid  the  strain  npon 
the  plat«s  of  rock-salt  t,  r',  which  wonld  occnr  if  the  chambers  F  and 
P  were  exhausted,  each  of  these  chambers  was  filled  with  dry  hydro- 
gen. This,  according  to  Professor  Bnff,  is  tantamount  to  a  vacnnm, 
exercising  no  action  whatever  on  the  rays  of  heat. 

Repeated  experiments  with  this  apparatus  proved  the  absorption  of 
the  layer  of  diy  air  in  the  chamber  i  to  be  nil. 

But  here  another  question  arises.  The  rays  of  heat  in  these  experi- 
ments had  passed  through  plates  of  rock-salt.  Supposing,  therefore, 
that  air  and  rock-salt  absorb  the  same  rays,  the  sifting  nf  the  rays  by 
the  salt  would  cause  the  air  within  the  experimental  tabe  to  behave  a.i  ■ 
a  vocunm.  Professor  BuS  endeavours  to  prove  that  this  is  the  case. 
He  first  finds  the  transmission  of  radiant  heat  by  a  pinto  of  clear  rock- 
salt  3  millims.  in  thickness  to  be  less  than  60  per  cent,  of  the  entire 
radiation ;  and  then  he  finds  that  the  thermal  colours  of  rock-salt  and 
air  are  "  sufficiently  similar  to  explain  the  phenomena  observed  by 
Tyndall." 

It  is  hardly  credible  that  the  skilled  experimenters  who  preceded 
ProfesBor  Bofi  should  have  failed  to  detect  the  high  absorption  which 
he  ascribes  to  rock-aalt,  if  it  were  a  fact.      Mclloni's  delerminatjon 
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irhiob  nutkes  the  tmiamuBion  of  a  plate  of  rook-aalt  2'6  millims.  thick 
92'3  per  cent,  of  the  total  radiation  is,  in  my  opinion,  mnch  nearer  the 
troth  than  thB,t  of  Professor  BnS.  Be  that  aa  it  may,  I  can  affirm 
that  in  my  case  the  transmission  through  plates  of  rook-salt  of  fire 
times  the  thickness  of  that  employed  by  Profeettor  BniE  amonnla  to 
80  per  cent,  of  the  entire  radiation.  Snbtracting  from  the  20  per  cent, 
intercepted,  8  per  cent,  dne  to  reflection  at  the  two  surfaces  of  the  salt, 
we  have  12  per  cent,  remaining  for  absorption.* 

Were  the  thermal  colours  of  air  wholly,  instead  of  partially,  as 
-affirmed  by  Professor  Buff,  identical  with  those  of  rock-salt,  the 
•ooincidence  wonld  &il  to  account  for  the  high  absorption  which  he 
ascribes  to  air.  Bnt  let  ns  examine  whether  the  alleged  coincidence 
exists  at  all.  To  treat  this  question  eichanstiTely,  we  most  be  able 
to  compare  the  transmission  of  rock-salt  tn  DoetM  with  its  bransmission 
in  air.  The  apparatos  employed  for  this  puipose  is  rendered  in- 
telligible by  the  rough  section,  fig.  2.     From  the  cube  0  the  experi- 


mental tnbe  extends  to  the  plate  of  rook-salt  (,  which  closes  the  tube. 
Midway,  a  rectangular  chamber  B  is  introduced,  large  enough  to 
permit  of  one  of  my  plates  of  rock-salt  «  to  be  raised  and  lowered 
within  it.  It  is  soldered  on  to  the  eiperinkenta!  tube,  being  ex- 
hausted when  the  tube  is  exhausted.  The  plate  of  salt  t  is  clasped 
by  a  ring  attached  to  the  rod  R,  which  moves  air-tight  through  a 
etnffing-box  in  the  bottom  of  the  chamber  B.  The  plate  of  salt  «  is 
2f  inches  ia  diameter  ;  while  across  the  experimental  tube,  right  and 
left  of  B,  are  diaphragms  with  apertures  1^  inches  in  diameter.  When 
the  salt  is  pushed  up,  it  comes  between  these  apertures,  the  rays  of 
heat  passing  through  the  central  portion  of  the  salt.  The  thermo-pile, 
with  its  two  cones,  is  placed  within  the  chamber  P,  while  the  water- 

•  In  the  oae  of  the  (econd  plate  of  mit  we  hare  to  deal  with  iutRicr  reflection 
men\j,  the  heat  having  been  lifted  by  the  fint  pUte. 
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jacket  W  ptaye  the  part  already   assigned  to  it. 
experimeDt  is  noir  eoaj  of  comprehension. 

The  whole  space  between  C  and  t  was,  in  the  first ' 
flmptjr  aa  a  good  air-pump  conld  make  it.  The  i 
oompumiating  cobe  C  being  cat  off  bj  the  screen  8,  t 
froeo  C  waa  declared  by  the  galTanomoter.  The  pl&l 
pndied  ap,  and  the  consequent  fall  of  the  deileclio 
noted.  Thtu  the  absorption  by  rock-salt  of  radiant 
pBit  of  iU  ooarao  had  been  sifted  by  air,  was  dete 
ma  tben  permitted  to  slowly  enter  the  eicpeHmcntal 
fiUud,  The  leni^th  of  air  through  which  the  rays  ht 
raadiing  the  pile  was  ten  times  that  in  nhicli  Pi 
foond  hi«  lartfo  absorption.  The  sifting  of  the  n 
ProCeMor  BuS  be  corrtwt,  ought  here  to  i-edure  thai 
rock-oak  to  nothing.  As  in  the  former  cafle,  tbs 
repwlvd  many  times,  and  on  different  days.  Then 
betwec-fi  the  tranftmisaion  through  the  air  and  aall 
neanm  and  Rait.  The  air  proved  absolutely  poweil 
any  Mnaibte  degree  the  colour  or  quality  of  the 
Minpl«  of  tim  reialta  obtained : — 

Bxperimentat  Tufic  EzhautteJ- 
fUdiatioo — 

Thnragli  nenam,  41-5 :  tbronj^fa  aaH 
»        41-5; 

41-6!        „ 

The  7bIoc  of  41°-5i«51-5  vniU;  that  of  37'-: 
tnumminion  AmaontM  to  80  per  eeut.  of  the  wl 

E^mmmial  TuieJiUed  UM 
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the  needle  of  the  galvano meter  pointing  to  zero.  When  this  was  done 
with  the  esperimeatal  tabe  exhansted,  the  plate  of  salt  waa  pushed 
np.  A  moderate  deflection  of  the  galvanometer  was  the  conseqnence. 
Repeated  experiments  made  the  heat  intercepted  by  the  salt  20  per 
cent,  of  the  whole  radiation.  This  waa  the  fraeticn  slopped  whether  the 
tube  was  exhausted  or  filled  with  air.  This  stoppage  of  20  per  cent. 
exactly  corresponds  with  the  transmission  of  80  per  cent,  resnlting 
from  the  prerioos  experiments. 

I  have  also  taken  the  trouble  to  repeat  Professor  BnfTs  experiments 
with  an  apparatns  similar  to  his  own ;  taking  care,  however,  to  avoid 
the  principal  enor  into  which  I  suppose  bjm  to  have  fallen.  A  glass 
cylinder,  A,  fig.  3, 12  inches  long  and  2  j  inches  in  diameter,  is  mounted 
on  the  plate  p,  p,  of  an  air-pnmp.  On  it  is  placed  a  tin  vessel  C,  with  a 
brass  bottom,  intended  to  contain  the  water  which  warms  the  bottom. 


or  source  of  heat.  A  thermopile,  P,  is  monnted  on  the  air-pnmp  plate 
on  which  the  cylinder  stands,  one  of  its  faces  being  presented  to 
the  bottom  of  the  tin  vessel.  The  conical  reflector  is  abandoned, 
a  piece  of  tnhing  blackened  within,  and  intended  to  cut  off  the 
radiation  &om  the  sides  of  the  vessel,  being  pnshed  over  the  pile. 
Instead  of  bringing  brass  and  glass  into  direct  contact,  as  in  the 
apparatns  of  Professor  Bnff,  a  washer,  w,  to,  of  non-conducting  india- 
rabber,  an  inch  and  an  eighth  in  thickness,  separates  the  one  from 
the  other.    There  is  no  chilling  by  cold  water,  and  the  distance  of 

C  i 
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the  pile  from  tbe  sonrce  renders  it  difficnlt  for  heat  to  pass  by  con- 
vection from  the  one  to  the  other. 

Following  the  method  pnrsaed  by  Professor  Boff,  the  radia- 
tion throngh  hydrogen  was  compared  with  the  radiation  throagh 
air.  To  make  the  experiments  more  strictly  comparable,  the  tem- 
perature of  the  source  was  in  all  cases  rendered  the  same.  Instead 
of  having  to  wait  8  minntes  for  the  needle  to  reach  its  maximum 
deflection,  it  was  steady  there  in  less  than  a  quarter  of  this  time. 
The  result  was  very  different  from  that  obtained  by  Professor  Buff. 
Instead  of  the  one  gas  absorbing  from  50  to  60  per  cent,  of  the 
radiation,  and  the  other  none,  no  difference  whatever  was  to  be 
detected  between  the  deportment  of  hydrogen  and  that  of  air.  Both, 
as  before,  proved  practical  vacua  to  the  rays  of  heat. 

Professor  Buff  describes  other  experiments,  to  one  only  of  which  I 

need  refer.     He  makes  '*  the  diathermancy  of  defiant  gas  somewhat 

higher  than  that  of  air."     It  must  have  been  a  strangely  defective 

apparatus  which  could  yield  such  a  result.     Air  differs  as  widely 

from  defiant  gas  as  rock-salt  differs  from  ice.     Pursuing  Professor 

Buff*s  own  method  of  experiment,*  but  insulating  the  glass  cylinder 

from  the  source  of  heat,  ihe  diathermancy  of  air  was  found  to  be 

perfect,  whereas  II  inches  of  olefiant  gas  absorbed  33  per  cent,  of  the 

total  radiation. 

Such  is  my  examination  of  the  paper  to  which  my  attention  was 

directed  two  years  ago  by  Dr.  Hofmann. 


ni.  '*0n  the  Photographic  Spectra  of  Stars."  By  William 
HuGGiNS,  D.C.L.,  LL.D.,  F.R.S.  Received  December  11, 
1879. 

(Abstract.) 

The  author  presented,  in  -December,  1876,  a  preliminary  note  on 
the  subject  of  tbis  paper,  together  wiih.  a  diagram  of  the  spectrum  of 
Vega  compared  with  that  of  the  sun. 

The  author  refers  to  a  paper  by  Dr.  William  Allen  Miller  and  himself 
in  1864,  in  which  they  describe  an  early  attempt  to  photograph  the 
spectra  of  stars. 

Other  investigations  prevented  the  author  from  resuming  this  line 
of  research  until  1875,  when  a  more  perfect  driving  clock,  by  Ghrubb, 
enabled  him  to  take  up  this  work  with  greater  prospect  of  success. 

The  author  describes  the  special  apparatus  and  the  methods  of 
working  which  have  been  employed. 

The  spectrum  apparatus  consists  of  one  prism  of  Iceland  spar  and 

*  A  defectire  method  eren  when  ereiy  care  is  bestowed  upon  it. 
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lenses  of  quartz.  It  is  so  arranged  in  the  telescope  tliat  the  image  of 
the  star  can  be  brought  with  certainty  npon  any  part  of  the  slit,  and 
can  be  kept  there  daring  the  photographic  exposures,  by  a  method  of 
continuous  supervision  and  control.  The  slit  is  provided  with  two 
shutters,  through  one-half  of  which  a  solar  or  other  spectrum  may  be 
taken  on  the  same  plate  for  comparison  and  the  determination  of  the 
lines  in  position  in  the  spectrum. 

The  photographs  were  examined  and  the  lines  measured  by  means 
of  a  micrometer  attached  to  a  microscope  of  low  power.  These 
measures  were  reduced  to  wave-lengfchs  by  the  help  of  solar  and 
terrestrial  spectra,  use  being  made  of  M.  Cornu's  map  of  the  ultra- 
violet part  of  the  spectrum,  and  of  M.  Mascart's  determination  of  the 
wave-lengths  of  the  lines  of  cadmium. 

Photographs  have  been  obtained  of  the  stars  Sirius^  Vega, 
at  Cygni,  a  Yirginis,  ij  TJraBd  Majoris,  »  Aquilse,  Arcturus,  p  Pegasi, 
Betelgeux,  Capella,  »  Herculis,  and  »  Pegasi.  Also  of  the  planets 
Jupiter,  Venus,  and  Mars,  and  of  the  different  parts  of  the  moon. 

The  spectra  of  Sirius,  Vega,  »  Cygni,  a  Virginis,  ij  UrssB  Majoris, 
at  Aquil89,  and  Arcturus  are  laid  down  in  a  map  on  the  scale  of 
M.  Coma's  map  of  the  ultra-violet  part  of  the  solar  spectrum. 

The  stellar  spectra  extend  from  about  G  to  0  in  the  ultra-violet. 
The  stars  of  the  white  class  are  arranged  so  as  to  exhibit,  first,  the 
remarkable  spectrum  typical  of  this  class,  and  then  some  of  the 
modifications  it  appears  to  undergo. 

The  typical  spectrum  of  this  region  of  this  class  consists  of  twelve 
strong  lines  winged  at  the  edges.  The  continuous  spectrum  extends 
in  the  photographs  beyond  S,  but  no  lines  are  seen  more  re&angible 
than  the  twelfth  line  at  3699.  Two  of  these  lines  agree  in  position 
with  the  hydrogen  line  (7)  4340,  and  the  other  line  at  h.  The  third 
line  agrees  with  Hi.  The  remaining  nine  form  a  group,  in  which  the 
distance  between  any  two  adjacent  lines  is  less  as  the  refrangibility 
increases,  suggesting  that  they  are  connected  with  each  other,  and 
represent,  probably,  one  substance. 

A  very  suggestive  modification  presents  itself  in  the  difference  of 
character  of  the  line  H3.  In  these  stars  this  line  is  either  absent  or  very 
thin  as  compared  with  its  appearance  in  the  solar  spectrum.  In  the 
spectrum  of  Arcturus,  which  belongs  to  the  solar  type,  this  line  exceeds 
in  breadth  and  intensity  its  condition  in  the  solar  spectrum.  The  white 
stars  may,  therefore,  be  arranged  in  a  series  in  which  the  line  H^  passes 
through  different  stages  of  thickness,  at  the  same  time  that  the  typical 
lines  become  narrower  and  more  defined,  and  other  finer  lines  present 
themselves  in  increasing  numbers.  Arcturus  seems  to  present  a 
spectrum  on  the  other  side  of  that  of  the  sun  in  the  order  of  change 
from  the  white-star  group. 

The  spectra  of  the  planets  were  taken  on  the  plan  suggested  by  the 
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antbor  in  1864,  in  which  the  planet's  spectmm  is  observed  or  photo- 
graphed together  with  a  daylight  spectrnm.  These  photographs  show 
no  sensible  planetary  modification  of  the  violet  and  nltra- violet  parts 
of  the  spectrum  of  the  planets  Yenns,  Mars,  and  Jnpiter. 

Namerous  spectra  of  small  areas  of  the  lunar  surface  have  been 
taken  under  different  conditions  of*  illumination.  But  the  results  are 
negative  as  to  any  absorptive  action  of  a  lunar  atmosphere. 


IV.  "  On  a  New  Method  of  Spectrum  Observation."  By  J.  N. 
Lockyer,  F.R.S.  Communicated  at  the  request  of  the 
Committee  on  Solar  Physics.  Received  December  10,  1879. 

In  anticipation  of  my  report  on  the  Methods  of  Mapping  Spectra, 
which  I  have  been  requested  to  prepare  for  the  Solar  Committee,  I  beg 
to  present  to  them  the  following  account  of  some  recent  work  which 
has  been  suggested  during  the  preparation  of  that  report.  In  the 
"  Phil.  Trans.*'  for  1873*  I  gave  an  historical  account,  showing  how, 
when  a  light  source,  such  as  a  spark  or  an  electric  arc,  is  made  to 
throw  its  image  on  the  slit  of  a  spectroscope,  the  lines  had  been  seen 
of  different  lengths,  and  I  also  showed,  by  means  of  photographs,  how 
very  definite  these  phenomena  were.  It  was  afterwards  demonstrated 
that  chemical  combination  or  mechanical  mixture  gradually  reduced 
the  spectrum  by  subtracting  the  shortest  lines,  and  leaving  only  the 
long  ones. 

On  the  hypothesis  that  the  elements  were  truly  elementary,  the 
explanation  generally  given  and  accepted  was  that  the  short  lines 
were  produced  by  a  more  complex  vibration  imparted  to  the  "  atom"  in 
the  region  of  greatest  electrical  excitement,  and  that  these  vibrations 
were  obliterated  or  prevented  from  arising  by  cooling  or  admixture 
with  dissimilar  atoms. 

Subsequent  work,  however,  has  shownf  that  of  these  short  lines 
some  are  common  to  two  or  more  spectra.  These  lines  I  have  called 
basic.  Among  the  short  lines,  then,  we  have  some  which  are  basic, 
and  some  which  are  not. 

The  different  behaviour  of  these  basic  lines  seemed,  therefore,  to 
suggest  that  not  all  of  the  short  lines  of  spectra  were,  in  reality,  true 
products  of  high  temperature. 

That  some  would  be  thus  produced  and  would  therefore  be  common 
to  two  or  more  spectra  we  could  understand  by  appealing  to  Newton's 
rale :  "  Causas  rerum  naturalium  non  plures  admitti  debere  quam 
qu89  et  verse  sint  et  earum  phsenomenis  explicandis  sufficiant,"  and 

•  "  Phil.  Trans.,"  1873,  p.  254. 

t  "  Proc.  Boy.  Soc.,'*  vol.  xxviii,  p.  159. 
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imagining  a  highenr  disaoGiation.  It  became^  hoireveri  neoeesary  to  see 
if  the  others  would  also  be  aoconnted  for. 

I  have  already  given  to  the  Royal  Society  a  preliminary  acconnt 
of  the  extraordinary,  becanse  unexpected,  phenomena  and  changes 
observed  in  the  spectra  of  vapours  of  the  elementary  bodies  when 
volatilised  at  difEerent  temperatures  in  vacuum  tubes.  Many  of  the 
lines  thus  seen  alone  and  of  surpassing  brilliancy  are  those  seen  as 
short  and  faint  in  ordinary  methods  of  observation,  and  the  circum- 
stances under  which  they  are  seen  suggest,  if  we  again  appeal  to  the 
above  rule,  tliat  many  of  them  are  produced  by  complex  molecules. 

In  this  case  the  appeal  lies  to  the  phenomena  produced  when 
organic  bodies  are  distilled  at  varying  temperatures ;  the  simplest 
bodies  in  homologous  series  are  those  volatilised  at  the  lowest  tempera- 
tures ;  so  that  on  subjecting  a  mixture  of  two  or  more  liquids  to 
distillation,  at  the  beg^ning  a  large  proportion  of  the  more  volatile 
body  comes  over,  and  so  on. 

At  any  particular  heat-level,  then,  some  of  the  short  lines  may  be 
due  to  the  vibrations  of  molecular  groupings  produced  with  difficulty 
with  the  temperature  employed,  while  others  represent  the  fading  out 
of  the  vibrations  of  other  molecular  groupings  produced  on  the  first 
application  of  the  heat. 

In  the  line  of  reasoning  which  I  advanced  a  year  ago,*  both  these 
results  are  anticipated,  and  are  easily  explained.  Slightly  varying 
fig.  2  of  that  paper,  we  may  imagine  furnace  A  to  represent  the 
temperature  of  tiie  jar  spark,  B  that  of  the  Bunsen  burner,  and  G  a 
temperature  lower  than  that  of  the  Bunsen  burner. 

Then  in  the  light  of  the  paper  the  lines  h  and  o  would  be  truly  pro- 
duced by  the  action  of  the  highest  temperature,  c  would  be  short  and 
might  be  basic,  while  of  the  lines  h  and  m,  m  would  be  short  and 
could  not  be  basic,  because  it  is  a  remnant  of  the  spectrum  of  a  lower 
temperature. 

To  make  this  reasoning  valid  we  must  show  then  that  the  spark,  or 
better  still  the  arc,  provides  us  with  a  summation  of  the  spectra  of 
various  molecular  groupings  into  which  the  solid  metal  which  we  use 
us  poles  is  successively  broken  up  by  the  action  of  temperature. 

We  are  not  limited  to  solid  metals ;  we  may  use  their  salts.  In  this 
case  it  is  shown  in  the  paper  before  referred  tof  that  in  very  many 
cases  the  spectrum  is  one  much  less  rich  in  lines. 

I  have  therefore  attempted  to  g^n  new  evidence  in  the  required 
direction  by  adopting  a  method  of  work  with  a  spark  and  a  Bunsen 
fiame,  which  Colonel  Donnelly  suggested  I  should  use  with  a  spark  and 
jBjx  electric  arc.     This  consists  in  volatilising  those  substances  which 

•  «  Proo.  Roy.  Soc.,"  vol.  xxviii,  p.  l«f . 
t  "  PhiL  Trans.,"  1873,  p.  258. 
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give  us  flame  spectra  in  a  Bunsen  flame  and  passing  a  strong  spark 
through  the  flame,  first  dnring  the  process  of  volatilisation,  and  then 
after  the  temperature  of  the  flame  has  produced  all  the  simplification 
it  is  capable  of  producing. 

The  results  have  been  very  striking;  the  puzzles  which  a  com* 
parison  of  flame  spectra  and  the  Fraunhofer  lines  has  set  us  find,  I 
think,  a  solution ;  while  the  genesis  of  spectra  is  made  much  more 
clear.* 

To  take  an  instance,  the  flame  spectrum  of  sodium  gives  us,  as  its 
brightest,  a  yellow  line,  which  is  also  of  marked  importance  in  th& 
solar  spectrum.  The  flame  spectra  of  lithium  and  potassium  give  us, 
as  their  brightest,  lines  in  the  red  which  have  not  any  representatives 
among  the  Fraunhofer  lines,  although  other  lines  seen  with  higher 
temperatures  are  present. 

Whence  arises  this  marked  difference  of  behaviour?  From  the 
similarity  of  the  flame  spectrum  to  that  of  the  sun  in  one  case,  and 
from  the  dissimilarity  in  the  other,  we  may  imagine  that  in  the  former 
case — that  of  sodium — we  are  dealing  with  a  body  easily  broken  up, 
while  lithiam  and  potassium  are  more  resistant ;  in  other  words,  in 
the  case  of  sodium,  and  dealing  only  with  lines  recognised  generally 
as  sodium  lines,  the  flame  has  done  the  work  of  dissociation  as  com- 
pletely as  the  sun  itself.  Now  it  is  easy  to  test  this  point,  for  if  this 
be  so  then  (1)  the  chief  lines  and  flutings  of  sodium  should  be  seen  in 
the  flame  itself,  and  (2)  the  spark  should  pass  through  the  vapour 
after  complete  volatilisation  has  been  effected  without  any  visible 
effect. 

Observation  and  experiment  have  largely  confirmed  these  predic* 
tions.  Using  two  prisms  of  60"  and  a  high-power  eyepiece  to  en- 
feeble the  continuous  spectrum  of  the  densest  vapour  produced  at  a 
high  temperature,  the  green  lines,  the  flatings  recorded  by  Roscoe  and 
Schuster,  and  another  coarser  system  of  flutings,  so  far  as  I  know  not 
yet  described,  are  beautifully  seen.  I  say  largely,  and  not  completely, 
because  the  double  red  line  and  the  lines  in  the  blue  have  not  yet 
been  seen  in  the  flame,  either  with  one,  two,  or  four  prisms  of  GO", 
though  the  lines  are  seen  during  voUUilisation  if  a  spark  be  passed 
through  the  flame.  Subsequent  inquiry  may  perhaps  show  that  this  is 
due  to  the  sharp  boundary  of  the  heated  region,  and  to  the  fact  that 
they  represent  the  vibrations  of  molecular  groupings  more  complex  than 
those  which  give  us  the  yellow  and  green  lines.  The  visibility  of  the 
green  lines,  which  are  short,  in  the  flame,  taken  in  connexion  with 
ike  fact  that  they  have  been  seen  alone  in  a  vacaum  tube,  is  enough  for 
my  present  purpose. 

*  I  allude  more  especially  to  the  production  of  triplets,  their  change  into  quartets, 
and  in  all  probabilitj  into  flutings,  and  to  the  ranishing  of  fluting»  into  linos  hj  in- 
grwiing  the  rate  of  dissociation. 
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With  regard  to  the  second  point,  the  passage  from  the  heat-level 
of  the  flame  to  that  of  the  spark,  after  volatilisation  is  complete,  pro- 
duces no  visible  effect ;  indicating  that  in  all  probability  the  effects 
heretofore  ascribed  to  qtuintUy  have  been  due  to  the  presence  of  the 
molecular  groupings  of  greater  complexity.  The  more  there  is  to 
dissociate,  the  more  time  is  required  to  run  through  the  series,  and  the 
tetter  the  first  stages  are  seeti. 

Let  us  now  turn  to  lithium. 

Seeing  that  the  red  line  is  absent  while  the  violet  lithium  line  is 
strong  among  the  Frannhofer  lines,  we  may  imagine  that  the  flame 
has  not  done  the  work  of  dissociation  in  the  case  of  lithium  so 
completely  as  the  sun  does  it,  so  that  (1)  the  other  lines  of  lithium 
should  not  be  visible,  even  with  the  new  precautions,  in  the  flame 
spectrum,  and  (2)  a  passage  from  the  heat-level  of  the  flame  to  that  of 
the  spark  after  volatilisation  should  produce  the  other  lines  which  we 
know  to  exist  in  the  spectrum  of  the  metal  in  the  orange,  blue,  and 
violet. 

Experiment  and  observation  have  also  confirmed  this  result,  so  far 
as  the  yellow  and  blue  lines  go ;  that  in  the  violet  is  difBicult  of 
observation.* 

We  next  come  to  potassium. 

The  potassium  lines  usually  recorded  as  not  seen  in  a  flame,  but 
which  are  observed  with  a  spark,  are  not  very  brilliant ;  nor  are  they 
strong  among  the  Fraunhofer  lines.  Seeing  therefore  that  a  high 
temperature  does  not  greatly  develop  them,  we  may  expect  to  find 
them  in  the  flame.  They  are  almost  all  there  when  they  are  looked 
for  with  proper  precautions,  but  those  in  all  probability  present  in  the 
sun  are  brightened  on  passing  the  spark,  showing  apparently  that  the 
flame  volatilises  with  some  difficulty  the  molecule  which  gives  the  line 
in  the  red. 

The  flame  spectrum  of  magnesium  perhaps  presents  us  best  with 
the  beautiful  effects  produced  by  the  passage  from  the  lower  to  the 

•  The  way  in  which  the  lines  ordinarily  seen  in  the  flame  are  unafTectod  by  the 
spark  strikingly  reminds  me  of  the  following  remarks  of  Angstrdm  and  Thal^n  : — 
*'  The  Fraunhofer  lines  can  in  general  be  diyided,  according  to  their  appearance, 
into  two  classes :  the  one  sharply  defined  and  tolerably  deep  black,  the  other  by  no 
means  so  decidedly  marked  either  as  to  form  or  colour.  These  two  different  kinds 
-of  lines  are,  as  regards  their  appearance,  very  happily  characterised  by  the  opinion 
expressed  on  a  former  occasion,  that  the  former,  especially  when  the  illumination 
is  feeble,  look  as  if  they  were  situated  considerably  in  front  of  the  faint  ground  on 
which  the  latter  seem  to  lie.  The  most  prominent  lines  of  the  former  class  almost 
all  proceed  from  iron  :  and  those  which  remain,  after  the  iron -lines  are  abstracted, 
belong  to  the  other  metals:  calcium,  manganese,  chromium,  &c." — ("Angstr5m 
4&nd  Thal^n  on  the  Fraunhofer  Lines,  together  with  a  Diagram  of  the  Violet  Part 
of  the  Solar  Spectrum.*'    Upsala,  1866 ;  p.  5.) 
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liigher  heat-level,  and  shows  the  important  bearing  on  solar  physics 
of  the  results  obtained  by  this  new  method  of  work. 
'    In  the  flame  the  two  least  refrangible  of  the  components  of  b  are 
seen  associated  with  a  line  less  refrangible,  so  as  to  form  a  triplet. 
A  series  of  flntings  and  a  line  in  the  bine  are  also  seen. 

On  passing  the  spark,  all  these  but  the  two  components  of  b  are 
abolished.  We  get  the  wide  triplet  replaced  by  a  narrow  one  of  the 
«ame  form,  the  two  lines  of  b  being  common  to  both,  thus — 


Flame  Spectrum 
(End  of  Flutings) 


Spark  Spectrum 


When  the  line  in  the  blue  disappears  on  passing  the  spark,  two  new 
lines  are  seen.  The  spark  lines  are  in  the  sun,  bnt  the  less  refran- 
gible member  of  the  wide  triplet  and  the  blue  line  seen  in  the  flame 
are  absent. 


The  following  are  the  details  of  some  of  the  experiments  which 
have  been  made  on  the  above  points  : — 

Experiment  No.  I. — Two  pieces  of  platinum  wire  were  supported  in 
a  Bunsen  flame  at  a  distance  from  one  another  of  about  3  millims. 
They  were  then  connected  with  a  Holtz  machine,  in  order  that  the 
spark  might  be  passed  inside  the  flame. 

An  image  of  the  platinums  was  then  thrown  on  the  slit  of  the  spec- 
troscope by  means  of  a  lens.  The  spectroscope  used  had  two  dense 
flint  prisms  of  60°. 

A  piece  of  charcoal  soaked  in  solution  of  sodic  chloride  was  put 
into  the  base  of  the  flame  first,  and  then  just  below  the  platinum,  and 
the  spectram  observed  ;  it  consisted  simply  of  the  yellow  line  D.  The 
spark  was  passed  and  the  spectrum  again  observed ;  it  now  consisted 
of  D  plus  the  lines  of  hydrogen  and  some  air  lines,  the  red  and  green 
Na  lines  and  the  green  flutings  being  still  absent. 

Experiment  No,  IL — Same  arrangements,  except  that  a  large  induc- 
tion coil  was  substituted  for  the  Holtz  machine.  The  same  results 
were  obtained  with  the  sodic  chloride. 

E^eriment  No,  III. — ^Metallic  sodium  was  next  tried.  It  was  found 
that  when  the  metal  was  put  into  the  flame  just  below  the  platinums 
the  green  Une  and  the  flutings  were  seen  without  the  spark,  that  is, 
at  the  ordinary  temperature  of  the  flame.     On  introducing  the  sodium 
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into  the  lower  part  of  the  flame,  the  g^reen  donble  (X  5687*2  and  5681*4) 
and  the  flutings  were  not  seen,  either  with  or  withont  the  spark. 

Experiment  No.  TV, — Same  arrangements  as  No.  11,  with  metallia 
sodium,  and  with  a  small  blowpipe  instead  of  Bansen. 

In  this  experiment  the  flame  spectrum  showed,  besides  the  yellow 
line  (D),  the  green  double  (X  5687*2  and  5681*4),  and  also  the  flutinga 
in  the  green,  those  in  the  red  being  absent.  As  soon  as  the  spark 
was  passed,  the  green  double  (X  5687*2  and  5681*4)  became  brighter,, 
while  the  flutings  vanished. 

In  these  observations  the  sodium  was  put  into  the  flame  just  hehur 
the  platinums.  When  put  into  the  bottom  of  the  flame,  the  D  line  wa» 
seen  alone. 

Experiment  No.  V. — ^A  glass  tube  ^  inch  in  diameter  was  prepared,, 
about  6  inches  in  length,  having  two  platinums  sealed  into  it  at  a 
distance  of  4  inches  from  each  other.  A  bulb  was  blown  at  each  end, 
so  that  the  spectrum  might  be  examined  with  the  tube  end-on.  A 
piece  of  sodium  was  put  into  the  tube,  and  the  latter  exhausted  with 
a  Sprengel  pump.  An  Argand  burner  was  placed  at  one  end  of  the . 
tube,  in  order  th&t  the  absorption  of  the  vapour,  as  well  as  its  radiation, 
might  be  observed.  The  metal  was  then  very  gradually  heated  by  a 
Bunsen  flame. 

After  the  heating  had  gone  on  for  about  twenty  minutes  the  absorp- 
tion line  of  D  appeared  ;  this  gradually  increased  in  intensity. 

On  passing  the  spark  along  the  tube,  the  bright  lines  of  sodium 
appeared,  the  green  double  (X  5687*2  and  5681*4),  being  distinguish, 
able  after  D  had  been  seen  for  a  little  time  alone. 

The  temperature  was  now  increased  and  the  absorption  spectrum 
again  examined.  The  flutings  in  the  green  gradually  made  their 
appearance,  D  increasing  in  intensity,  the  green  line  being  invisible. 
Afterwards  the  flutings  in  the  red  came  in. 

On  passing  the  spark  the  absorption  spectrum,  consisting  of  the  red 
and  green  flutings  disappeared  instantaneously,  and  the  green  double 
was  seen  very  bright ;  after  the  passage  of  the  spark  D  dark  was  much 
increased  in  breadth. 

The  quantity  of  hydrogen  given  off  during  the  change  prevented 
the  passage  of  the  spark,  and  the  observations  had  to  be  discontinued. 
Ab  soon  as  some  of  this  had  been  pumped  out  the  same  observations- 
were  repeated  with  the  same  results. 

Experiment  No,  VI. — ^An  experiment  was  made  with  lithic  chloride 
in  Bunsen  flame,  with  the  same  arrangement  as  in  Experiment  No.  I. 

The  flame  spectram  with  the  dispersion  employed  showed  no  Li  line 
except  the  red  one  (X  6705*2).  On  passing  the  spark  from  the  Hoi  tat 
machine,  the  yellow  line  (X  6102*0)  and  the  blue  line  (X  4602*7) 
appeared  as  bright  as  the  red  line.  The  same  results  were  obtained 
on  repeating  the  experiment  with  the  large  induction-coil. 
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Experiment  No.  VII. — Potassic  nitrate  was  tried  by  the  method  ] 
vionaly  described  in  Experiment  No.  I. 

The  flame  spectrum  consisted  as  usual  of  the  red  lines  (X  7697 
7663)  and  the  blue  line  (X  4045),  very  faint. 

The  effect  of  the  spark  was  to  bring  out  the  yellow  lines  (X  al 
•5800),  those  in  the  green  (X  about  5340),  and  the  red  double  (X  6 
and  6918),  out  of  the  flutings  visible  in  the  red,  the  double  at  7 
«nd  7663  not  being  affected.  The  experiment  was  repeated  with 
induction-coil,  and  the  same  observations  made,  with  the  additic 
•one  tiiat  the  spark  also  slightly  intensified  the  blue  line. 

Experiment  No.  VIII. — On  repeating  the  experiment  with  meti 
potassium,  the  same  phenomena  were  more  markedly  observed,  the  li 
about  X  5800,  and  other  lines  more  refrangible,  were  visible  as  "% 
fBint  objects  in  the  flame  ;  they  were  much  strengthened,  however, 
the  passage  of  the  spark. 

Ej^eriment  No.  IX. — Some  potassium  was  volatilised  by  the  sp 
in  front  of  the  slit  of  the  sun-spectroscope  and  comparison  of 
positions  of  the  lines  with  the  Faunhofer  lines  made.  It  is  belie 
that  X  5829*0,  58020,  5782*5  are  all  reversed  in  the  solar  spectn 
The  less  refrangible  member  of  the  red  double  (X  6946)  was  c 
compared,  and  was  undoubtedly  absent  from  the  sun.  These  obsei 
tions,  however,  are  rendered  extremely  difi&cult  on  account  of 
fluted  appearance  of  the  yellow  lines,  and  must  be  repeated  wit! 
stronger  sun  and  the  electric  arc.  The  spectroscope  employed  ] 
three  prisms,  one  of  60°  and  two  of  45°. 

Experiment  No.  X. — The  flame  spectrum  of  magnesium  was  c 
mined,  a  green  triplet  was  observed,  which  was  at  first  sight  taken 
h.  Measurements  of  the  lines,  however,  showed  that  the  ! 
refrangible  member  was  less  refrangible  than  h,  and  had  a  wa 
length  5209*8,  and  that  the  other  two  members  were  lA  and 
respectively.  A  fresh  charge  of  magnesium  was  put  into  the  flc 
and  the  spark  passed ;  the  original  triplet  was  now  no  longer  visible, 
line  at  5209*8  having  vanished,  but  h^  was  now  seen  forming  -^ 
h^  and  5^  a  triplet  of  similar  form  on  a  smaller  scale. 

According  to  Thalen,  there  are  three  blue  lines  of  magnesiun 
wava-lengths  4481*0,  4586*5,  and  4703*5.  These  lines  were  looked 
in  the  flame  with  and  without  the  spark.  Without  the  spark  o 
one  line  was  visible  in  this  region ;  its  position  was  found  by  a 
parison  with  the  solar  spectrum  to  be  at  wave-length  4570*3,  f 
coincident  with  no  Fraunhofer  line.  The  passage  of  the  sp 
abolished  this  line,  at  the  same  time  bringing  in  the  two  lines  given 
Thalen  at  wave-length  4481  0  and  4703*5,  both  of  which  are  rever 
in  the  solar  spectrum. 

"So  line  was  seen  at  Thalen *s  wave-length  4586*5,  the  neai 
approach  to  which  was  the  line  seen  at  the  temperature  of  the  Buni 
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flame  at  wave-lengtli  4570*3,  a  difference  of  more  than  sixteen  diyisiona 
of  the  scale. 

I  am  now  preparing  maps  showing  the  phenomena  observed  afc  varions 
heat-levels.  I  think  it  is  not  too  mnch  to  hope  that  a  carefnl  study  of 
snch  maps,  showing  the  results  already  obtained,  or  to  be  obtained, 
at  varying  temperatures,  controlled  by  observations  of  the  condi- 
tions under  which  changes  are  brought  about,  will,  if  we  accept  the 
idea  that  various  dissociations  of  the  molecules  present  in  the  solid 
are  brought  about  by  different  stages  of  heat,  and  then  reverse  the 
process,  enable  us  to  determine  the  mode  of  evolution  by  which  the 
molecules  vibrating  in  the  atmospheres  of  the  hottest  stars  associate 
into  those  of  which  the  solid  metal  is  composed.  I  put  this  suggestion 
forward  with  the  greater  confidence,  because  I  see  that  help  can  be 
got  from  various  converging  lines  of  work.  To  some  of  these  I 
may  briefly  allude  here : 

1.  We  have  the  lines  present  in  the  solar  spectrum,  and  absent 
from  it. 

Example. — The  red  potassium  line  present  in  the  flame  is  absent 
from  the  sun ;  some  of  the  other  lines  are  present. 

2.  We  have  the  varying  thicknesses  of  the  lines  of  any  one  element 
in  the  sun  to  compare  with  the  thicknesses  produced  at  different 
temperatures  in  the  laboratory. 

Example. — The  various  lines  of  magnesium,  notably  6,  the  most 
refrangible  line  given  by  Thalen,  and  the  other  blue  line. 

3.  We  have  the  remarkable  behaviour  of  metals  vaporised  in  a 
vacutmi  at  the  lowest  temperatures. 

Example, — Sodium  gives  us  D,  potassium  gives  us  the  triplet  in  the 
green-yellow ;  calcium  gives  us  the  line  in  the  blue ;  thus  separating 
those  lines  ^m  all  the  others  of  those  metals. 

4.  We  have  the  remarkable  behaviour  of  the  same  vapours  under 
like  circumstances,  the  temperature  alone  being  changed ;  when  this 
is  increased  lines  visible  under  ordinary  conditions  are  brought  in^ 
and  are  seen  in  different  parts  of  the  tube,  so  that  each  line  in  turn 
(and  therefore,  I  presume,  each  molecule  which  produces  it)  is 
separated  from  those  with  which  it  is  generally  seen  in  company. 

Example. — By  increasing  the  temperature  we  get  the  green  line  of 
sodium  without  D,  and  some  of  the  magnesium  lines  have  been  seen 
separated  from  the  others. 

5.  We  have  the  power  of  determining  the  lower  states  by  means  of 
absorption  phenomena,  and  then  of  observing  the  radiation  of  the 
vapours  produced  by  the  passage  of  a  feeble  current  of  electricity. 

Example. — The  fluted  spectrum  of  sodium  described  by  Boscoe  and 
Schuster  is  instantly  abolished  by  this  means,  and  a  brightening  of  the 
green  and  a  considerable  thickening  of  the  dark  yellow  lines  is  seen. 
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6.  May  we  consider  the  existence  of  these  molecular  states  a» 
forming  a  trae  basis  for  Dalton's  law  of  multiple  proportions  ?  If  so, 
then  the  metals  in  different  chemical  combinations  will  exist  in 
different  molecular  groupings,  and  we  shall  be  able  bj  spectrum  ob- 
servations to  determine  the  particular  heat-level  to  which  the  mole* 
cnlar  complexity  of  the  solid  metal,  induced  by  chemical  affinity,  cor* 
responds. 

Examples, — None  of  the  lines  of  magnesium  special  to  the  flame 
spectrum  are  visible  in  the  spectrum  of  the  chloride  either  when  a 
flame  or  a  spark  is  employed.  The  facts  recorded  in  my  papers, 
printed  in  the  ''  Phil.  Trans.''  some  years  ago,  on  the  spectra  of  salta 
and  mixtures,  seem  all  explained  in  this  way. 

I  think  then  that  the  method  of  mapping,  to  be  complete,  should 
not  only  show  the  metallic  lines  as  produced  at  various  temperatures 
compared  with  the  Fraunhofer  ones,  but  that  for  each  metal  investiga- 
tions should  be  made  and  recorded  for  aq  many  heat-levels  as  possible,, 
and  for  various  chemical  groupings  such  as 

CrO  FcgClg 

CrOs  FeC  Lj 

CraOg  Fe 
Cr, 

to  give  examples,  with  a  view  of  investigating  the  facts,  to  see  whether 
we  can  trace  a  molecular  evolution  in  each  case. 

Further,  the  "  basic  "  lines  recorded  by  Thal6n  will  require  sp>ecial 
study  with  a  view  to  determine  whether  their  existence  in  different 
spectra  can  be  explained  or  not  on  the  supposition  that  they  represent 
tiie  vibrations  of  forms,  which,  at  a  early  stage  of  the  planet's  history, 
entered  into  combination  with  other  forms,  diflering  in  proximate 
origin,  to  produce  different  "  elements." 


V.  "Note  on  the  Spectrum  of  Hydrogen/'      By  J.  NoRMAN 
LOCKYER,  F.K.S.    Received  December  17,  1879. 

Some  years  ago,  in  an  account  of  a  research  undertaken  by  Dr, 
Frankland  and  myself,  it  was  pointed  out  that  in  the  tubes  we  then 
employed  the  h  Hne  of  hydrogen  was  only  seen  when  the  coil  and 
Leyden  jar  were  so  arranged  as  to  produce  those  effects  which  are 
generally  supposed  to  be  due  to  high  temperatures.  The  remark,  as 
we  distinctly  stated,  was  only  made  in  connexion  with  the  tubes  we 
then  employed,  whioh  were  of  widish  bore ;  it  is  necessary  to  mention 
this  because  in  Germany  the  remark  has  been  taken  to  apply  to  all 
tabes. 
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a  with  my  present  line  of  work  1  have  hi 
the  spectmm  of  bydrogeD,  and  I  have  photographed  it, 
on  tube,  which  I  owe  to  the  kindnesa  of  Dr.  Mookhoven 
it  is.*  In  the  spectmm  of  the  Monkhoven  tobo  h  is 
thontfb  not  so  strong  as  the  line  near  G. 

What  I  wish,  hoivever,  to  draw  special  attention  to  n 
that  other  lines  more  refranjjible  are  seen ;  in  the  phot( 
obtained,  one  of  them,  within  the  limits  of  diapersio 
employed  (one  dense  prism  of  60°,  collimator  18  ineb 
Dalmeyep  rectilinear  lens  in  tbo  camera),  is  coincidei 
observed  in  the  spectrum  of  colciam  at  X  3968'0  (H), 

More  photograpbe  are  required  to  enable  me  to  give  t 
positions  of  the  otber  lines  more  refrangible. 


VI.  "  On  the  Capillary  Electroscope."     By  G.  T 
F.R.S.     Received  December  6,  187? 

The  following  research  was  commenced  with  the  ho 
to  make  an  eiact  measariug  instrument  of  a,  niodiGi 
had  devised  (see  page  37)  of  the  "  Capillary  Elect 
employ  it  for  the  determination  of  the  different  d' 
motive  force  of  diiferent  metals  in  forming  tables  of 
series,  with  different  electrolytic  solutions. f    With  th 
I  constrncted  and  tried  a  considerable  number  of  for 
ment ;  and  employed  a  number  of  liquids,  acid,  nen 
ae  conducting  media  between  tbe  mercurial  electrod 
howeter,  an  obBta.c!e  to  uniform  and  accurate  mea 
later  arose,  viz.,  unequal  adhesion  of  the  mercnry 
the  capillary  tube. 

It  has  l>ecn  noliced  by  other  investigators  that 
slender  colomn  of  mercury  in  Inppmann's  "  Capil 
suddenly  stops  whilst  under  the  electric  inSueno 
supposed  to  increase  the  value  of  the  instrnmen 
indications  sensibly  instantaneous.  According 
■'when  the  circuit  was  closed"  by  a  metallic  cor 
larities  at  once  disappeared  "  ("  Phil.  Mag.,"  A 
This  sudden  stoppage  of  tbe  mercnry,  however, 
flnenoe  of  the  current  is,  I  believe,  in  every  cs 
increase  of  mcchnniea!  resistance,  nsoally  caused 

■  It  IB  right  to  sdd,  howecer,  Ibat  this  form  of  tube  «1 
tetaoT  F'laai  Smyth  quils  independently. 

t  Sm  "  On  the  Chomioo-Blectnc  BeLi&nif  of  UeCif 
Potuaium." 
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of  the  mercury  to  different  parts  of  the  tnbe,  but  sometimes  by 
minute  trace  of  solid  substance  in  the  tube.  With  a  very  feeb 
current  this  adhesion  shows  itself  in  several  ways,  usually  by  a  moi 
or  less  sudden  retardation  or  stoppage  of  the  motion  of  the  mercuri 
column,  by  a  delay  in  its  commencement  of  motion,  or  by  its  noi 
movement.  The  current  I  have  employed  has,  in  nearly  all  case 
been  a  very  feeble  one,  obtained  from  two  wires,  one  of  copper,  an 
tihe  other  of  platinum,  each  about  1  millim.  diameter,  immersed  aboi 
2  or  3  millims.  deep  in  common  drinking  water.  With  a  very  sensiti\ 
instrument,  and  a  capillary  tube  as  free  from  obstruction  as  could  \ 
obtained,  this  power  has  been  sufficient  to  move  the  meniscus  10  c 
20  millims. 

j  A  common  cause  of  obstraction  consists  of  impurities  (es])ecial] 

'  oxide)  in  the  mercury ;   the  metal  therefore  should  be  as  pure  c 

'  possible.    1  have  obtained  it  sufficiently  pure  by  distilling  the  ordinal 

metal  twice,  then  shaking  it  violently  with  dilute  nitric  acid,  washin 
\  it  with  distilled  water,  shaking  it  again  strongly  with  a  dilute  solutio 

of  potassic  cyanide  (which  very  effectually  removes  oxide),  washing 
again,  and  filtering  it  through  a  minute  hole  in  the  point  of  a  pap< 
funnel.  The  mercury  should  be  kept  in  a  closed  bottle,  and  be  fn 
quently  filtered  to  remove  dust  from  its  surface  whilst  being  use( 
because  the  most  minute  speck  of  solid  matter,  even  that  which  is  ii 
visible  to  the  unassisted  eye,  is  sufficient  to  stop  the  capillary  tub 
The  solution  also  should  be  kept  perfectly  clear  by  means  of  filtratioi 
Another  cause  of  stoppage  is  the  employment  of  glass  tubing  int 
which  dust  has  been  allowed  to  enter;  this  may  be  obviated  b 
employing  newly-made  tubing,  sealed  at  its  ends  by  wax  ;  with  sue 
tubing  I  have  obtained  no  manifest  advantage  by  washing  it  wit 
acids,  alkalies,  ether,  <&c.,  nor  by  allowing  a  stream  of  clean  mercur 
to  run  through  it.  After  having  taken  all  these  precautions,  thei 
remains  a  very  common  cause  of  stoppage  of  the  motion  of  th 
mercury,  viz.,  portions  of  air  or  gas  adhering  to  the  tube ;  these  cor 
aiBt  either  of  minute  films  of  air,  or  if  the  current  is  too  strong,  als 
babbles  of  gas  liberated  from  the  electrolyte. 

One  of  the  most  effectual  modes  of  removing  the  air  or  gas  is  t 
repeatedly  cause  by  mechanical  means  (such  as  compression  of  th 
pressure-chamber,  or  by  change  of  position  of  the  instrument  fi-oi 
horizontal  to  vertical  and  vice  versd)  the  mercury  and  conductin 
solution  to  move  freely  to  and  fro  through  the  whole  of  the  fine  pai 
>  of  the  tube  whilst  the  circuit  is  closed,  and  expelling  occasionally 

few  drops  of  mercury  from  the  end  of  the  tube ;  employing  also  a 
electric  current  in  a  suitable  direction  to  assist  the  motion.  If  thei 
remain  any  adhering  portions  which  are  not  removable  by  thes 
miMMitt^  diminished  pressure,  combined  vrith  an  electric  current  f roi 
the  point  of  the  capillary  towards  its  larger  part,  and  the  simultaneoi: 
vox..  XXX.  n 
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application  of  a  hot  plate  of  metal  to  th 
rarely  fails  to  remove   them.     Notwithst 
precautions,  the  meniscus  often  subseque 
place  without  aoy  apparent  cause,  and  v 
body  visible  by  the  aid  of  a  niicroscojx) 
diameters.     Free  use  of   the  instrument 
hesions ;  it  also  gives  rise  to  fresh  ones. 
mercury  frequently  occur,  or  are  subseque 
instrument  which    interfere  with   the   a< 
feeble  an  electric  power  as  that  men ti one 
due  to  irregularities  of  smoothness  in  the  gla 
to  take  in  such  cases  consists  in  selecting 
ment  of  the  meniscus  a  portion  of  the  cap: 
from  such  a  source  of  en*or ;  but  even  su 
nently  remain  free. 

By  employing  a  suitable  tube,  dilute  su 
and  taking  all  the  above  precautions,  I  ha^ 
mercurial  column,  instead  of  moving  fron 
and  stopping  suddenly,  moved  with  a  g 
until  it  stopped.  The  momentary  move 
occurs  more  readily  with  a  short  capillary  \ 
power  than  that  above  mentioned,  but  wit 
tainable  from  irregular  adhesion,  a  moveme 
not  nnfrequently  occurs,  requiring  in  some 
variation  of  height  of  mercury  pressure  to 
its  original  point.  If  the  tube  happens  to 
especially  if  its  lower  part  enlarges  towar< 
a  current  as  the  one  mentioned  will  cause 
much  even  as  5  or  6  centims.,  and  the  me 
of  the  tube.  The  influence  of  gravity  no 
cases,  but  with  the  same  electric  power,  8 
diameter  of  which  does  not  diminish  too 
the  column  usually  moves  more  readily 
capillary  than  the  reverse,  whether  the  ir 
horizoiitsil  position.  The  mercury  in  all  c; 
the  form  of  a  cylinder  to  that  of  a  sphere, 
the  end  of  the  tube,  it  forms  a  globule  whi 
rapidly  into  iisolf  by  its  great  cohesion, 
tnper  the    nuTCury  tends  U)  draw  itself  x 

^lakvitjr.   _ 

^     A  i:r"f^^l~^*fip^l^ii^tP^he4s-esHaiitialj^  the 
ing  it  is  to  nmke  a  number  of  tubes  and^ 

^X8^  found.  Glass  tubing,  of  an  external 
ni jjj i n is! VTimMiftAdn ir  a  bore  of  about  one-tl 
me tre,  is^df  n~  very .£oji  veiTieTitneis^fDr^ jma 
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it  may  be  drawn  out  to  a  sufficient  degree  of  fineness  at  one  beating ; 
that  baying  a  circular  bore  it  is  less  likely  to  become  clogged  by  use 
than  that  which  is  oval ;  and  it  is  an  advantage  to  employ  that  which 
has  white  enamel  at  the  back.  Success  in  making  the  capillary 
depends  largely  upon  careful  manipulation  and  the  employment  of  a 
flame  of  suitable  size ;  I  have  used  a  Bunsen  flame  about  an  inch  in 
height  and  half  an  inch  in  diameter,  for  drawing  long  capillaries  by  a 
single  heating,  or  a  very  minute  flame  of  a  small  spirit-lamp  for  draw- 
ing out  a  short  one  by  a  second  heating.  Within  certain  limits,  I 
have  found  that  the  finer  the  capillary  tube  the  greater  is  the  move- 
ment in  it  of  the  meniscus  by  a  given  electromotive  force,  and  the 
greater  the  pressure  required  to  balance  that  force  ;  but  if  the  bore  of 
the  tube  be  extremely  fine,  say  '01  millim.,  the  instrument  becomes 
less  sensitive,  probably  owing  to  increased  adhesion  or  to  increased 
couduction-resistance  of  the  minute  column  of  solution.  A  convenient 
bore  is  about  '03  to  '04  millim.,  and  an  external  diameter  of  '3  to  '4* 
millim.  Under  uniform  pressure,  the  meniscus  moves  not  only 
through  a  much  greater  length,  but  also  at  a  much  faster  rate,  in  the 
finer  portion  of  a  tube  of  moderate  diameter,  than  it  does  in  the 
-coarser  part,  and  this  occurs  even  in  tubes  the  internal  diameter  of 
which  diminishes  to  their  very  extremity.  Tubes  of  parallel  bore  are 
not  usually  suitable  for  the  instrument  (especially  if  the  latter  is  used 
in  a  vertical  position),  because,  instead  of  presenting  a  resistance 
gradually  increasing  downwards,  Jis  they  should  do,  they  offer  the 
reverse.  The  best  form  of  capillary  is  one  which  becomes  narrower 
at  a  sufficiently  increasing  degree  towards  its  free  end.  I  have  em- 
ployed capillaries  varying  in  length  from  5  to  15  centims.  with  equal 
advantage. 

Considerable  pressure  is  often  requisite  for  filling  the  capillary  tube, 
and  for  overcoming  obstructions  ;  to  produce  it,  a  compressible  pres- 
sure-chamber is  much  more  convenient  than  a  tall  column  of  mercury. 
An  excellent  chamber  may  be  formed  of  a  piece  of  vulcanized  india- 
rubber  tubing,  about  6  or  8  centims.  long,  3  millims.  bore,  and  15  millims. 
external  diameter,  such  as  is  employed  as  "  engine-packing."  It  is 
more  convenient  to  have  the  platinum  wire  (for  connexion  with  the 
column  of  mercury)  inserted  through  the  side  of  this  tube  than  through 
that  of  the  glass  one,  because  the  former  does  not  so  readily  cause  the 
wire  to  be  broken.  To  insert  the  wire,  one  end  of  the  tube  is  stretched 
open  by  means  of  a  small  pair  of  pliers ;  a  needle,  wet  with  glycerine, 
is  then  forced  very  obliquely  through  the  india-rubber  close  to  the  end 
of  the  tube,  and  after  its  removal  a  fine  wire  may  be  readily  forced 
through  the  minute  stretched  hole  and  the  pliers  then  withdrawn. 
After  the  capillary  tube  has  been  fixed  in  this  chamber  (which  must 
he  previously  made  scrupulously  clean),  the  end  of  the  chamber 
adjacent  to  the  terminal  and  capillary  must  be  securely  bound  round 
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with  wire  to  prevent  leakage.  As  it  often  requires  considerable 
pressure  to  force  the  mercury  through  the  tube,  especially  when  there 
exists  both  a  mechanical  obstacle  and  a  stoppage  of  the  electric 
current,  a  strong  pressure  screw,  with  its  clamp  capable  of  grasping  at 
least  an  inch  in  length  of  the  chamber,  is  absolutely  necessary. 

I  have  tried  several  plans  of  mechanically  compensating  the  electro- 
capillary  effect,  the  most  convenient  of  which  is  to  surmount  the 
pressure- chamber  by  a  vertical  glass  tube  about  30  or  40  centims. 
high,  and  1  millim.  bore,  with  its  lower  end  opening  into  the  chamber,, 
and  its  upper  end  also  open,  but  capable  of  being  closed  by  means  of 
a  glass  cock,  having  an  open  cup  at  its  upper  extremity.  This 
arrangement  admits  of  great  pressure  being  applied  to  the  chamber, 
by  means  of  the  screw  and  clamp,  and  also  of  crudely  measuring  in 
millimetres  height  of  mercury  the  compensating  pressure  necessary  to 
depress  the  mercury  to  the  neutral  point  whilst  the  current  is  passing. 
This  upper  tube  also,  like  the  capillary  one,  has  the  disadvantage  of 
offering  unequal  resistance  to  the  passage  of  the  mercury  by  unequal 
adhesion,  so  that  a  small  movement  of  the  screw  of  the  pressure- 
chamber  is  not  often  at  once  attended  by  a  simultaneous  movement  of 
the  mercury  at  the  top  and  bottom  of  the  column. 

The  voltaic  current  was  very  conveniently  manipulated  by  the  aid 
of  a  small  moveable  apparatus,  so  constructed  that  by  turning  its 
handle  the  first  quarter  of  a  revolution,  the  two  wires  of  the  electro- 
scope were  connected  metallically  together,  and  the  current  insulated 
from  them ;  by  turning  it  a  second  quarter,  the  current  was  sent  in 
one  direction  through  the  electroscope;  by  turning  it  a  third,  the 
wires  of  the  electroscope  were  disconnected  and  perfectly  insulated 
(the  base  of  the  instrnment  being  of  ebonite)  ;  and  by  turning  it  the 
fourth  quarter,  the  current  was  sent  through  the  electroscope  in  a 
reverse  direction.  This  apparatus  may  be  easily  made  by  prolonging 
the  axis  of  a  common  electric  reverser,  fixing  two  projecting  metal 
studs  on  opposite  sides  of  the  prolonged  part  (btU  not  opposite  to  each 
other),  and  attaching  two  vertical  springs  to  two  binding-screws  fixed 
on  the  base,  so  that  when  the  studs  pressed  against  the  upper  ends  of 
these  springs,  the  circuit  was  closed  between  the  ends  of  the  wires 
attached  to  the  two  electrodes. 

In  the  engraving,  fig.  1  represents  the  reverser  fixed  vertically 
to  a  moveable  wooden  stand.  The  dotted  lines  show  the  directions  of 
four  connecting  wires  at  the  back  of  the  ebonite  base  of  the  instru- 
ment. The  wires  from  the  voltaic  cell  are  attached  to  two  binding- 
screws,  which  are  connected  with  the  two  metal  standards  that 
support  the  moveable  axis.  The  terminal  wires  of  the  electroscope 
are  attached  by  means  of  binding  screws  to  two  vertical  brass  springs, 
so  fixed  as  to  press  against  the  two  metal  studs  projecting  at  right 
angles  from  the  moveable  axis;  the  terminals  are  also  further  con- 


38  Dr.  G.  Gore.     Cheniico-Electric  Relations  of    [Dec.  18» 

nected,  bj  means  of  the  wires  beneath  the  base,  yrith  the  two  other 
and  ordinary  vertical  springs  of  the  instrument,  so  that  by  tnming 
the  handle  they  may  be  disconnected  from  the  studs  and  connected 
with  those  springs,  and  through  them,  the  axis  and  standards,  with 
the  voltaic  cell,  and  receive  a  current  in  either  direction,  according  to 
the  position  of  the  handle.  The  sketch  represents  the  handle  and 
axis  in  the  above-mentioned  first  position,  with  the  two  wires  of  the 
electroscope  metallically  connected  together,  but  insulated  from  the 
cell. 

The  usual  form  of  the  electroscope  I  have  employed  is  repre- 
sented in  fig.  2.  A  is  a  wooden  base,  B  a  wooden  upright  board 
fixed  to  it.  C  is  the  situation  of  the  reverser.  D  a  microscope, 
capable  of  vertical  and  horizontal  movement,  having  a  magni- 
fying power  of  about  30  to  50  diameters,  and  provided  with  a 
"  spider- line.'*  E  is  a  grooved  piece  of  wood  fixed  to  the  upright 
stand.  F  a  wooden  slide,  with  a  moveable  scale,  G,  worked  by  a  metal 
rack  H,  and  pinion  with  handle,  I.  J  is  the  capillary,  suppoi-ted  by  a 
perforated  little  brass  shelf,  K.  L  is  the  pressure-chamber.  M  the 
glass  tube  containing  the  compensating  column  of  mercury.  N  a 
thin  glass  tube,  about  5  millims.  bore,  containing  the  mercury  and 
conducting  solution.  O  and  P  are  the  terminal  platinum  wires  for 
attachment  to  the  screws  of  the  reverser.  Q  is  a  strong  clip,  shown 
separate  from  the  instrument.  B  is  a  metal  support  for  the  clip.  8 
is  a  moveable  slide  of  cork,  carrying  a  very  fine  hair,  T,  for  indicating 
the  position  of  the  meniscus.  It  is  not  usually  necessary  to  measure 
the  amount  of  movement  of  the  meniscus.  Some  cotton  wool  is 
placed  in  the  cup,  U,  and  the  cup  is  covered  with  a  lid  to  exclude 
dust.  A  strip  of  white  paper  is  affixed  behind  the  capillary  portion 
of  the  tube  to  form  a  white  background,  and  the  instrument  rcquire>s 
to  be  used  in  a  good  light. 

Having  found  by  additional  experiments  that  in  certain  cases  the 
mercury  moves  in  an  opposite  direction  to  the  electric  current,  I  am 
now  engaged  in  examining  that  fact,  and  in  completing  an  investi- 
gation of  the  causes  and  conditions  of  the  movements. 


VII.  "  Chemico-Electric  Relations  of  Metals  in  Solutions  of  Salts 
of  Potassium."  By  G.  Gore,  LL.D.,  F.R.S.  Received 
December  8,  1879. 

The  following  experiments  were  made  with  the  object  of  determining 
the  chemico-electric  positions  of  various  metals,  &c.,  in  solutions  of 
Halts  of  potassium  of  various  strengths,  and  at  different  temperatures ; 
and  also  with  the  intention  of  ascertaining,  by  the  aid  of  Lippmann's 
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capillary  electrometer,  the  quantitative  differences  of  electromotive 
force  between  each  two  consecutive  metals,  and  thus  to  construct  a 
series  of  tables  of  electromotive  forces  of  the  particular  solids  and  liquids 
employed.  But  as  after  making  many  attempts  I  was  unable  to  construct 
such  a  form  of  that  electrometer  as  might  be  relied  upon  as  an  accu- 
rate measuring  instrument,  I  abandoned  the  object  of  measuring  the 
electromotive  differences,  and  proceeded  no  farther  than  simply  deter- 
mining the  order  of  such  differences  in  each  particular  solution. 
Although  I  have  not  been  able  to  carry  out  the  examination  as  far  as 
I  intended,  I  venture  to  submit  the  results  to  the  Royal  Society,  in 
the  hope  that  if  published  they  may  be  of  use  to  other  investigators, 
as  similar  tables  upon  a  less  extensive  scale  have  already  proved. 

As  the  true  electrical  relations  of  metals  in  liquids  depends  largely 
npou  the  purity  of  the  substances,  I  beg  to  state  that  the  metals  and 
salts  employed  were,  in  nearly  all  cases,  the  purest  obtainable.  The 
tellurium,  mercury,  and  antimony  were  very  highly  purified  by  me ; 
the  silicon  was  prepared  by  fusing  some  fine  crystals,  which  I  had 
previously  digested  with  pure  hydrofluoric  acid,  hydrochloric  acid, 
and  nitric  acid  separately.  The  gold,  silver,  platinum,  palladium, 
iridium,  rhodium,  cobalt,  tin,  and  cadmium,  were  obtained  from 
Messrs.  Matthey  and  Co.,  and  were  the  purest  they  prepare.  The 
nickel  was  refined  by  Sir  J.  Mason,  and  was  of  a  high  degree  of 
purity ;  it  had  been  rolled  into  a  thin  strip.  The  carbon  was  a  rod  of 
a  Jablochkoff's  candle.  The  indium  was  a  portion  of  one  of  the 
ingots  exhibited  at  the  Paris  Exhibition  by  its  discoverers.  The 
gallium  was  presented  to  me  by  M.  Lecoq  de  Boisbandran,  and 
said  to  be  "  nearly  pure  except  traces  of  zinc."  The  thallium  was 
supplied  to  me  by  Messrs.  Hopkin  and  Williams.  The  magnesium 
was  probably  very  pure,  and  was  obtained  from  the  Magnesium  Metal 
Company,  from  whom  I  also  obtained  the  bismuth,  said  to  be  **  highly 
purified."  The  aluminium,  copper,  lead,  iron,  and  zinc  wires  were  of 
the  ordinary  qualities. 

The  salts  employed  were  of  considerable  purity,  and  in  every  case 
were  dissolved  in  distilled  water.  To  remove  any  trace  of  free  iodine 
or  acid  from  the  solutions  of  potassic  iodide,  or  any  trace  of  soluble 
sulphide  contained  in  those  of  cyanide  of  potassium,  they  were  pre- 
viously well  stiiTcd  vrith  a  rod  of  aluminium  or  magnesium. 

Every  investigator  who  has  made  experiments  of  the  present  kind 
is  aware  that  temporary  reversals  of  the  current  frequently  occur  in 
such  cases.  When  the  reversals  took  place  immediately  upon  immer- 
sion, the  first  current  was  not  regarded,  because  it  was  probably  duo 
to  a  momentary  change  of  surface  tension  or  of  temperature,  caused 
by  the  physical  contact  of  the  solid  and  liquid  prior  to  chemical  action. 

A  sufficient  number  of  different  strengths  of  solution  of  each  salt 
were  employed  to  supply  a  large  number  of  determinations,  so  as  to 
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enable  cnrves  to  be  drawn  showing  the  variation  of  i*elative  electric 
positions  of  different  metals  with  the  variations  of  strength  of  the 
liquid.  Such  curves  were  drawn,  compared  with  each  other,  and 
conclusions  inferred  respecting  similar  metals  or  groups  of  metals. 

In  the  following  tables  the  numbers  at  the  top  of  each  column 
represent  the  n  ambers  of  grains  of  the  particular  salt  dissolved  in  the 
quantity  of  water  stated.  The  amount  of  water  employed  in  the  solu- 
tions of  the  first  six  tables  was  50  cub.  centims.,  and  in  Tables  VII 
and  Vni  it  was  800  grains. 

The  specimen  of  gallium  not  having  been  obtained  in  sufficient  time 
for  the  whole  of  the  experiments,  it  was  not  employed  in  Tables  I  and 
VII  and  part  of  Table  III.  Being  also  easily  fusible  it  could  not  be 
used  in  hot  solutions. 


Table  No.  I. — Potassic  Chloride  Solutions  at  55"^  F. 
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Cd 
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Tl 

Cd 

Al 

Al 

Al 

Al 

\1 

Al 

Al 

1    ^ 

Cd 

Al 

Tl 
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Sn 

8i 

Sn 
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Sn 
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Fe 

Fe 

Fe 

Fe 

Fe 

Fe 
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Co 
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Co 

Co 
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Cu 
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Te 
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Pd 
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C 
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C 

C 

C 
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1 

Tempomry  reversals  occurred  with  Cd  and  Al  in  the  solution  of 
200  grs. ;  Co  and  Fe  in  200  and  240  ;  Pb  and  Fe  in  10  ;  Sb  and  Cu 
in  10 ;  Cu  and  Ni  in  20;  Tl  and  Cd  in  1 ;  Si  and  Bi  in  160;  and  Ir 
and  Au  in  the  IGO  grs.  solution. 
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Table  No.  U.— Potasaic  Chloride  Solotions  at  100°  F. 
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Table  No.  III. — Potassic  Bromide  Solutions  at  55°  F. 
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Table  No.  II. — Temporary  reversals  occurred  with  Cd  and  Al  in 
Eolutiona  of  40,  160,  and  200  grs. ;  Sn  and  Fe  in  40  and  160  ;  Cn  and 
Ni  in  20  ;  Si  and  Cn  in  160  ;  and  Pd  and  Pt  in  160. 

Table  No.  III. — Temporaiy  reversals  occniTed  with  In  and  AI  in 
aolntlonaof  5,  10,  and  20  gra. ;  Al  and  Cd  in  40;  Tl  and  Al  in  160 
and  200 ;  Fe  and  Sn  in  1  and  160 ;  Fe  and  Pb  in  1 ;  Fe  and  Co  in 
2«0 ;  Fe  and  Pd  in  10 ;  An  and  Pd  in  280  ;  Pd  and  Te  in  80  and  200  ; 
An  and  Rh  in  20 ;  Ir  and  An  in  40,  120,  and  160 ;  Bi  and  On  in  120  ; 
Bi  and  Si  in  160  and  200 ;  and  Ni  and  Ag  in  240. 

The  position  of  gallinm  in  varions  columns  of  this  tabic  is  indi- 
cated by  a  •  ;  its  position  is  immediately  above  the  star. 


Table  No.  IV.— Potjissic  Bromide  Solntions  at  UiO"  ¥. 
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Tl 

Tl 
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Temporary  reversals  occurred  with  In  and  Al  in  solntions  of  6,  10, 
20,  40,  and  80  grs. ;  In  and  Pb  in  200 ;  Fe  and  Su  in  20.  80,  and  240 ; 
Fo  and  Co  in  1 ;  An  and  Pd  in  80 ;  Pd  and  Te  in  120  and  280  ;  An 
imdRhinS;  Ir  and  An  in  120;  Ir  and  Pt  in  200  ;  Ni  and  Bi  in  200 : 
Vo  and  On  in  240  ;  Ag  and  Si  in  320,  and  in  the  saturated  solution. 

Tablij  No.  V, — Temporary  reversals  occurred  with  Co  and  Fe  it 
solutions  of  5,  10,  20,  and  160  gre. ;  Ni  and  Si  in  240,  320,  360,  and 
:>00 ;  Ni  and  Pd  in  800,  1,000,  and  satarated  solution ;  In  and  Fe  ii 
:'40  and  3-20;  Sb  and  Ag  in  40  and  200;  Sb  and  Hg  in  160;  Cn  au< 
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Aff  in  160 ;  Tl  and  Al  in  l/KJO ;  »:»]  witl.  Fc  rtud  Hg  in  tlic 
solntioii. 

Tftblo  No.  VI. — Temporary  mvprsals  occarred  witb  Co  i 
solutions  of  1,  5,  10.  40.  and  8l}  ^n.  \  Si  and  Ni  in  160, 
320,  360,  400,  and  500  ;  Pd  and  Ni  in  8<X),  1,00U,  and  ntan 
tion ;  Hg;  and  Fe  in  800 ;  In  and  Fe  in  200 ;  Ri  and  Kg  it 
Sb  and  Ca  in  the  5  gra.  solntirm. 

Table  No.  VII. — Tempoi-ary  rcversala  occurred  with  Zn  S' 
solutions  of  40,  80,  120,  160.240,  280.  and  360  grs. ;  Al  and 
!-20,ltiO,-240,and  320;  CdandMgin400;  Ca  and  Mg  in  8 
:m  ;  Pd  and  Mg  in  80  ;  Al  and  Zn  in  h,  40,  80, 120,  and  160 
in  80  and  1«0;  Cn  and  Al  in  10,  20,  80, 160,  20O,  and  280 
in  10,  20,  240,  280,  and  320  ;  Cd  and  Co  in  5,  10,  20,  ai 
imd  Ag  in  10,  20,  80,  160,  240,  280,  and  500;  Pd  and  A 
and  120 ;  Sn  and  Pd  in  200 ;  Sb    and  Pd  tn  5  ;  Tl  and  I 
and  Pd  in  t ;  Pe  and  Pd  in  1 ;  Ni  and  Pd  ia  160,  200, 
and  Sn  in  20  ;  Ni  and  Ag  in  5,  200,  400,  and  saturated 
and  Ag  in  80  ;  Sn  and  Kg  in  5  and  10 ;  Sb  and  \^  in 
in  80  and  120;  Ni  and  Sn  in  20.  80,  160,  280,  and  300 
5;  Ni  and  Pb  in  10,  40.  and  80;  Pb  and  Tl  in  10,  ' 
and  Pb  in  160;  In  and  Pb  in  5  and  160;  In  and  Bi  i 
Pb  in  240  ;  Sb  and  T!  in  200  and  500 ;  Sn  and  In  in 
in  80  ;  Fe  and  Bi  in  40,  200,  320,  ;J60,  and  sataratcd  af 
Si  in  ItiO,  200,  500,  and  saturated  solution  ;  Sb  an 
320  ;  Bi  and  Te  in  230 ;  Sb  anJ  Bi  in  5  ;  In  and  An  ■ 
in  10 ;  Tl  and  Hg  in  5 ;  Sn  and  Pb  in  500 ;  Sb  and  I 
Te  in  500 ;   Ug  and  Sn  in  Baturat«d   solution ;  Co  a 
■^40,  and  saturated  solution  ;  Co  and  Pb  in  240,  280.  i 
^n  in  2H0  and  satarated  solution  ;  Co  and  Pb  in  2'' 
^o  and  Sn  in  280  and  satarated  solution ;  Co  and  S' 
'1  in  360  ;  Pt  and  Ir  in  10,  80, 160,  240,  and  400 ; 
•0,  and  4<X) ;  Fe  and  Pt  in  280  and  360  ;  Pt  and 
d  Rii  in  2'*0. 

Tablu  No,  VIII. — Temporary  reversals  occurred  > 

■itions  of  120,200,240,280,  320,  and  400  grs.  ;  Al 

,  anil  satiinitfd  solution;  Cd  and  J[g  in  500 ;  Cu 

■ii'  I ;  A I  iuul  Zn  in  1,  10,  1 20,  160,  and  240  ;  f 

i'«K  :;2n.  i,nd  360;  Cd   and   Al   in   10;  An   ■ 

.•ilci   sululinn  ;  Sn  and   Pd  in  200.  500,  and 

(i  IM  ill  Ui;  Au  and  Pd  in  10;  An  and  Si 

-inSit.V'KI.   and  500;   Sn  and  Ag  in  40f 

;  Ni  iiiiil  I'b  in  20,  200,  and  240 ;  Hg  and 

;    h\-  :iiLil  T.'  in  20,  120,  and  160 ;  Si  and 

-.it,..!  s.)hiti<.n  ;  Co  and  Ni  in  1,  80. 120,  ai 

i'b  ill  ;i-JU  iuid  360;  Co  and  T"  =-  "'" 
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5  and  120 ;  Co  and  Sb  in  320  and  400 ;  Co  and  Tl  in  360  and  400 ; 
Co  and  Hg  in  320,  360,  and  500 ;  Pt  and  Si  in  10 ;  and  C  and  Rh  in 
the  5  grs.  solution. 

Table  No.  IX. — In  Fused  Cyanide  of  Potassium. 

The  following  was  the  order  obtained  by  immersing  the  yarions 
elementary  substances  in  cyanide  of  potassium  in  a  fused  state ;  the 
first  substance  being  the  most  positive :  magnesium,  zinc,  aluminium 
and  platinum,  nickel,  iron,  silver,  iridium,  gold,  rhodium,  carbon, 
palladium,  cobalt,  antimony. 

From  the  notes  appended  to  the  foregoing  tables,  it  may  be  ob- 
served— 1st,  that  by  far  the  greatest  number  of  momentary  reversals 
of  current  took  place  in  the  cyanide  solutions,  especially  in  the  cold 
ones ;  2nd,  that  the  proportions  of  such  reversals  to  the  number  of 
solutions  employed  were  not  greatly  different  in  the  chloride,  bromide, 
and  iodide  of  potassium  ;  and  3rd,  the  reversals  were  not  confined  to 
the  more  electro-positive  metals.  The  most  numerous  reversals  in  the 
cold  solutions  of  potassic  cyanide  took  place  with  nickel  (26),  alumi- 
nium (21),  silver  (18),  platinum  (16),  magnesium  (15),  and  zinc  (14)  ; 
and  in  the  hot  solutions,  with  aluminium  (16),  magnesium  (14),  and 
zinc  (11)  ;  whilst  in  the  cold  iodide  solutions  the  most  frequent  ones 
were  nickel  (7),  iron  (6),  silicon  (4),  and  cobalt  (4)  ;  and  in  the  hot 
liquids,  nickel  (10),  silicon  (8),  iron  (7),  and  cobalt  (8)  ;  most  of  these 
occurred  in  the  strong  solutions.  With  the  cold  bromide  mixtures 
reversals  occurred  with  aluminium  (6),  iron  (5),  gold  (5),  and  palla- 
dium (4) ;  with  the  same  liquids  hot,  indium  (6),  aluminium  (5), 
and  iron  (4).  And  with  the  chloride  solutions  cold,  iron  (3) ;  and 
hot,  aluminium  (3),  and  cadmium  (3).  The  behaviour  of  particular 
pairs  of  metals  in  different  liquids  with  regard  to  reversals  may  be 
ascertained  by  inspection  of  the  notes. 

Certain  other  general  effects  were  also  observed  in  the  results.  Ist. 
Gas  carbon  was  electro-negative  to  all  other  bodies  in  all  the  solutionR 
employed,  whether  cold  or  hot;  concentrated  or  dilute.  2nd.  Rho- 
dium was  electro-negative  to  all  substances  except  carbon,  in  all  solu- 
tions of  either  iodide  or  cyanide  of  potassium,  of  all  degrees  of  con- 
centration, and  at  each  temperature.  3rd.  Either  rhodium  or  platinum 
was  negative  to  all  bodies  except  carbon  in  all  the  solutions  of  chloride 
or  bromide  of  potassium,  whether  cold  or  hot.  4th.  Magnesium  was 
positive  to  all  the  other  substances  in  all  the  solutions  of  potassic 
chloride,  bromide,  or  iodide,  at  each  temperature.  5th.  Either  mag- 
nesium, aluminium,  or  zinc,  was  positive  to  all  other  metals  in  solu- 
tions of  potassic  cyanide,  whether  cold  or  hot.  Thallium  appeared 
to  be  the 'most  quickly  corroded  of  any  metal  in  all  the  solutions,  and 
was  most  manifestly  affected  in  those  of  potassic  iodide ;  lead  was  also 
acted  upon,  but  to  a  less  extent,  in  that  class  of  liquids. 
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By  drawing  lines  throngh  all  the  positions  of  each  particular  metal 
in  the  tables  of  solutions  of  difPerent  strengths  of  either  of  the  salts 
employed,  it  was  found  that  the  position  of  pairs  of  metals  of  like 
properties,  such  as  magnesium  and  zinc,  nickel  and  cobalt,  rhodium 
and  iridium  or  platinum,  lead  and  tin,  <&c.,  often  varied  together,  and 
described  similar  curves  or  lines  of  variation. 

A  much  greater  number  of  variations  of  relative  electric  position  of 
the  metals  occurred  in  the  cold  and  hot  solutions  of  potassic  cyanide 
than  in  either  those  of  the  chloride,  bromide,  or  iodide,  whether  cold 
or  hot,  and  the  amounts  of  such  variations  were  also  much  greater  in 
the  cyanide  solutions. 

Agitation  of  the  immersed  metals  is  well  known  to  influence  the 
current.  Shaking  one  of  the  metals  reversed  occasionally  the  direc- 
tion of  the  current ;  palladium  was  the  metal  which  most  frequently 
manifested  this  effect.  The  agitation  of  that  metal  rendered  it  either 
more  negative  or  less  positive  in  a  considerable  degree,  especially  in 
solutions  of  potassic  chloride  and  cyanide.  In  those  of  the  bromide, 
antimony  was  the  metal  the  current  from  which  was  most  affected  by 
shaking.  The  effect  of  shaking  was  less  in  the  iodide  solutions  than 
in  those  of  the  bromide. 


VIII.  **  On  the  Spontaneous  Segmentation  of  a  Liquid  Annu- 
lus." By  A.  M.  WORTHINGTON,  M.A.  Communicated  by 
Balfour  Stewart,  F.R.S.,  Professor  of  Natural  Philosophy 
in  Owens  College,  Manchester,  Received  December  6, 
1879. 

In  seeking  an  explanation  of  the  appearance  of  a  definite  number  of 
lobes  in  the  liquid  annulus  which  is  formed  at  a  certain  stage  of  the 
splash  of  a  drop  that  has  fallen  vertically  on  to  a  horizontal  plate,  I 
was  led  to  make  some  experiments  on  the  spontaneous  segmentation 
of  such  an  annulus  lying  on  a  plate  with  a  view  to  ascertaining 
whether  the  relation  that  exists  between  the  dimensions  of  the  annulus 
and  the  number  of  drops  into  which  it  will  spontaneously  split,  is  the 
same  as  for: a  straight  cylinder  of  liquid  under  similar  conditions. 
Finding  that  the  relation  was  the  same,  it  then  occurred  to  me  that 
by  liberating  an  annulus  in  air  without  contact  with  any  solid,  a 
direct  experimental  proof  might  be  obtained  of  the  law  of  segmentation 
of  a  free  cylinder. 

It  has  been  shown  mathematically  in  various  ways,  and  expend- 
mentally  by  M.  Plateau,  that  the  equilibrium  of  a  free  cylinder  of  any 
liquid,  under  the  influence  of  surface  tension  only,  becomes  unstable 
aa  soon  as  the  length  exceeds  w  times  the  diameter ;  and  it  has  been 
regarded  as  a  necessary  consequence  of  this  that  such  a  cylinder,  if 
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once  reaUeed,  will  Bpontaneonsl;  split  into  m  many  equal  and  eqni- 
distaut  Bpheres  as  r  times  tbe  diameter  is  contained  in  the  length. 
Thus,  if  n  be  the  number  of  drops, 
I  the  length, 
and  d  the  diameter  or  thickness   of   the  cylinder,  the  law  of 
segmentation  is  expressed  by  the  formula 
^l 
"     rd' 
U.  Plateaa  has.  endeavoared  to  sapply  an  experimental  proof  ot 
this   by  liberating  a   cylinder  of  mercory,    extended   between  two 
amalgamated  wires,  on  a  glass  plate,  bat  he  found  that  the  frictional 
contact  with  the   plane   surface   along  the  length   of  the   cylinder 
diminished  the   number   of   drops,    probably   because  the   limits  of 
stability  are  extended  by  friction  :  thus,  when  the  cylinder  of  m^ 
cury  rested  on  a  glass  plate,  the  limit  of  stability  appeared   to  bo 
extended  to  61  times  the  diameter,  this  being  the  average  distance 
apart  at  which  the  drops  were  formed.     So  that  the  law  became 
tt=^- — J,  and  it  was  only  by  observing  the  effect  of  simaltaneotu 

contact  with  a  vertical  as  well  as  a  horizontal  plate  that  a  rough 
estimate  could  be  made  of  the  influence  of  friction  on  the  number  of 

By  the  method  of  liberation  in  air  that  is  described  in  the  latter 
half  of  this  paper  all  friction  is  avoided,  and  the  results  show  a  cloae 
accordance  with  theory. 

I  will  first  describe  experiments  with  reference  to  an  annnlos  lying 
on  a  plate.  It  may  be  well  at  the  outset  to  remark  that  an  annulns  ia 
not,  like  a  cylinder,  a  figure  of  equilibrium  for  a  liquid,  there  being 
excesa  of  pressure  ou  the  oateide ;  this  excess,  however,  will  diminish 
as  the  radius  of  the  annulus  increases, — as,  in  fact,  it  approximat«e  to 
a  cylinder.  The  excess,  moreover,  will  not  be  a  lai^  friaction  of  the 
total  sorf ace- pressure,  if ,  as  in  the  case  we  have  to  deal  with,  the 
thickness  of  the  annnlas  is  small  in  comparison  with  its  nidth :  thus 
in  the  figure — 


the  principal  radii  of  curvature  at  A  are  r  and  (E+r)  and  at  B  ■ 
and  -(R-r). 
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.-.  pressure  at  A=C-h(-+~i- V, 

and  at  B=C+(---l- V, 

where  A;  is  a  ooDstant,  and  the  difference  of  pressures  at  A  and  B  is 
proportional  to  — —  +— — ,  which  is  small  compared  with  -. 

It  may,  therefore,  well  happen,  as  we  shall  see  in  the  sequel  that  it 
does,  that  the  annnlns  will  split  spontaneously  before  any  appreciable 
alteration  of  its  form  can  be  caused  by  this  inequality  of  pressures ;  and 
this  is  the  more  to  be  expected  if  the  annulus  be  lying  on  a  horizontal 
plate,  friction  with  which  impedes  the  motion  of  the  liquid  as  a  mass. 

The  method  that  I  have  adopted  to  discover  the  law  of  splitting  has 
been  to  liberate  suddenly  an  annulns  of  mercury  on  a  horizontal 
enrftoo  d!  glaes  or  iron. 

The  apparatus  consisted  of  a  circular  plate  of  iron  15  millims.  thick 
and  60  millims.  in  diameter,  the  lower  surface  of  which  was  truly 
plane,  and  in  it  were  cut  yarious  annular  grooves,  whose  cross  section 
was  an  exact  semicircle. 

This  plate  is  placed  face  downwards  on  a  plane  horizontal  surface  of 
iron  or  glass,  and  mercury  is  poured  into  one  of  the  grooves  through 
one  of  two  small  vertical  holes  bored  through  the  plate,  the  second 
hole  allowing  the  imprisoned  air  to  escape.  After  removing  any 
excess  of  mercnry  that  may  remain  in  the  holes,  the  plate  is  suddenly 
lifted  by  a  central  handle,  and  a  circle  of  regularly  disposed  drops  is 
fonnd  lying  on  the  lower  plate. 

The  following  is  a  table  of  results  obtained  in  this  way,  which  are 
recorded  without  any  omissions.  The  size  of  the  grooves  was  obtained 
by  direct  measurement  and  by  weighing  the  mercury  they  contained. 

A  fourth  groove  of  '7  millim.  thickness  was  found  to  be  too  small 
to  use,  being  very  difficult  to  fill  with  mercury. 


Method  of  liberation 
Plate  lifted  rapidly 


» 


»j 


»» 


>♦ 


j> 


»> 


9} 


Groove  No.  1.  Diameter  (d)  =  2*03  milHms» 
Principal  radius  (R)=  25         „ 

No.  of  drops.  Remarks. 

17  . .    Regular,  larger  at  the  holes. 

18  . .  Very  regular. 
16 
17 
18 

16-h(prob.l8) 
17  . .   Regular,  larger  at  the  holes. 

19  . .   Very  regular. 


n 


Average....     17-25  (  +  ) 


x2 
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When  a  guiding  cylinder  of  cardboard,  in  which  the  iron  pl&to  could 
be  moved  like  a  piston,  was  nsed  in  order  to  enanre  the  plate  being 
lifled  vertically,  the  friction  against  the  cylinder  prevented  the  plate 
being  lifted  Bo  quickly,  and  this  at  once  influenced  the  nnmber  of 
drops,  as  will  be  seen  in  the  following  table  : — 


Hathod  of  liberation. 
With  well-oiled  gniding  ring. 


With  gliding  ring  not  oiled. 


Lifted  Blowly  on  purpose. 

„      rather  slowly  on  purpose 
Very  slowly  on  parpoae .. 


16     Begnlar. 


10     5  in  opposite  quadrants- 


5     Nearly  regular. 
3     RegaUrP 


'2nd  Groove.  Diameter  (d)=  l'04millims. 
Principal  radios  (R)=12'5        „ 

Method  of  liberation.  No.  of  diopt. 

Glass  plate,  rapid  lifting 17 

18 

17 

16 

18 

16 

17 

17 

Mean 17 

Without  special  precaution  as  to  speed 11 

IS 

12 

„  „  „  14 

11 

Lifted  slowly  on  pnrpode 10 

11 


J 
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3rd  Groove.  Diameter  (d)=  3*17  millims. 
Principal  radius  (R)=22-2         „ 

In  this  case  the  qnantitj  of  liquid  was  so  grea,t  that  it  was  found 
yery  difficult  to  lift  the  plate  without  giving  it  an  initial  disturbance, 
which  caused  some  of  the  drops  to  run  together ;  hence  it  was  im- 
possible to  lift  the  plate  as  quickly  as  had  been  found  necessazy  in  the 
previous  cases  to  secure  the  maximum  number  of  drops* 


Method  of  liberation.  No.  of  dxops. 

On  an  iron  surface,  a  plate 
lifted  as  quickly  as  was 
possible  without  disturb- 


Biemarki. 


gtb 

\B  liquid. 

7 

»> 

»> 

9} 

8 

By    computation,    some     drops 

having 

evidently      run     to- 

ftH 

gether;. 

}) 

99 

>9 

7 

M 

9} 

7» 

8 

By  exact 
drops. 

computation   from    5 

If 

n 

}) 

6 

»» 

>> 

»» 

12 

Computed 

from  5  drops. 

f1 

>J 

»» 

9 

ft 

»      >» 

»> 

>l 

rr 

8 

A  certain,  estimate  from  6  drops. 

» 

>l 

n 

7 

»» 

>i             ^     »» 

J> 

)} 

rt 

7 

A  probable 

estimate  from  5  diops. 

>» 

» 

?» 

8 

A  probable 

estimate. 

»» 

>» 

rr 

10 

}> 

«• 

»l 

»f 
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8 

n 

?j 

>» 

» 

Average. . .  • 

8 

) 

8(  + 

Before  discussing,  these  results,  I  may  remark  that  the  number  of 
drops  was  practically  the  same,  whether  on  iron  or  glass,  unless, 
indeed,  the  iron  was  very  well  rubbed  with  a  dry  clean  cloth  between 
each  experiment.  When  this  was  done  the  number  of  drops  was 
slightly  increased.  On  one  occasion  21  were  obtained  from  the  first 
groove. 

In  many  instances  subordinate  secondary  drops,  due  to  the  splitting 
of  the  long  necks  joining  the  drops  before  their  complete  separation, 
were  formed  with  great  regularity;  but  sometimes  these  secondary 
drops  were  so  large  as  to  be  easily  mistaken  for  primary  drops.  In 
the  case  of  the  third  groove,  it  required  practice  to  lift  the  plate 
quickly  enough  to  secure  the  maximum  number  of  drops. 
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AtmalnB  No. 

\ 

(Initial  diametOT=5-35  oenfcimB.)                            < 

DuuD«t«ni. 

Depth  of 

Number 
of  Drop*. 

Bomirfa. 

M.iimuni. 

tOnlmimi. 

Mauu 

OBntiou. 

Mntitm 

oratimi. 

WDtinu. 

47 

3-S  (- 

extreme  dU 

meter.) 

4  lobe*. 

38 

Tr«Mof5orelt.b«fc, 

21  S 

*-8 

8-4 

4  1 

9 

4  tj 

4-3 

4-4 

gorlO 

4  2 

8-8 

10 

4  5 

4 

4-29 

Bof  9 

4-5 

4-6 

4-6 

9 

4-5 

4-5 

4-6 

8  + 

M«n- 

4-8 

»(-) 

20B 

4  3 

8-9 

41 

9 

i 

18 '3 

4  8 

4-2 

4-6 

10 

Very  regular. 

10 

Regular. 

5-3 

4-25 

4  6 

lOor  U 

Probably  11. 

4'i) 

4-6 

4-7 

10 

5  'ppj  regular. 

M«>.- 

4-66 

10(  +  ) 

15-2 

5-5 

48G 

5  17 

13 

Probablj ;  KgmenU 
tion  Qot  Mmplet^; 

4-B 

4-8 

IS 

175 

4 

4  38 

18 

Probably.                     i 

Mean- 

4-8 

18(-) 

a 

13 
12 

Probably.                   t 
{PoMibljl8)i9wpiH 

13  OP  13 

1-7 

4-7 

4-7 

13 

13  or  14 

Prabablyi  llmaaM*,' 
or  12.  if  one   not: 
•erondary:  7  pw 
fectly  »ymraBtri<at 
onij  equal  markj  W 

13  or  14 

4!l 

4 '9 

13  or  14 
12  or  13 

Quite    Diroulai)     id 

11*^^. 

i 

Menu- 

4 '8 

13 

J 
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Annnlns  No.  2. 
(Initial  diamet6i'=s  7*475  centims.) 


Depth  of 

Diameters. 

Number 
ef  Drops. 

Semarks. 

Maximam. 

Minimum. 

Mean. 

oentimft. 
18 

oentims. 
6-86 

6*85 

6-65 

6-65 
6^ 

centims. 
6-85 

6-86 

6-65 

6-5 
6-65 

centims. 
6-85 

6*85 

6-65 

6-67 
6-65 

17 

16  or  17 
17 
16 

15  or  16 
15erl6 

14  masses ;  11  drops 
perfectly  regular. 

Perfectly  circular. 

Probably. 

Probably;  8  in  one 
•emicircle ;  sand 
rather  hard. 

Sand  wetter. 

Meen- 

6-7 

16-1 

It  will  be  observed  that,  in  the  case  of  the  smaller  annnlos,  the 
ftTenge  experimental  yalne  of  n  is  nearly  a  whole  drop  below  the 
theoretical  yalne.  This  points  to  the  possibility  of  contraction  before 
the  legmentations  were  determined.     Sach  contraction  would  cause 

a  diminution  in  the  value  of  the  ratio  -,  both  by  diminishing  the 

d 

nnmerator  and  increasing  the  denominator  of  the  fraction,  and  would 

produce  a  corresponding  diminution  in  the  number  of  drops. 

Binoe  the  force  of  contraction  is  inversely  proportional  to  the  princi* 
pal  radine  of  the  annnlns,  its  effect  will  be  more  rapid  in  the  smaller 
annnliu,  both  on  this  account  and  because  of  the  smaller  mass  of 
liquid  to  be  set  in  motion.* 

That  the  annnlns  sometimes  becomes  elliptical,  is  probably  due  to  an 
vneren  distribution  of  the  liquid  at  starting.  When  the  disk  was  not 
qaite  horiiontal  the  thickest  and  thinnest  portions  of  the  annnlns  would 
be  opposite  to  each  other,  and  the  segmentation  of  the  latter  will  be 
eomplete  before  that  of  the  former.  This  accords  with  the  previous 
ohseffation  that  the  well  and  ill-divided  parte  are  always  at  opposite 
ends  of  the  same  diameter. 

To  account  for  the  fact  that  this  diameter  is  the  shortest,  it  would 

*  Itihoiild  be  remembered  that  the  contractive  force  ceases  to  act  on  drops 
wluoh  ha?e  assumed  the  spherical  form.  Hence  the  total  amount  of  contraction 
that  it  found  to  hare  taken  place  at  any  time  after  eomplete  segmentation  will  depend 
oa  the  veloeity  acquired  while  the  force  acted,  and  therefore  upon  the  time  required 
far  the  process  of  segmentation.  This  time  will  cTidently  be  less  in  the  case  of  a 
thiuNr  annulns. 
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Vr.                                                      (PaeLl 

Annulus  No.  1. 
(Initial  diameter=5-35  centims.) 

Depth  of 

D-..„„. 

Number 
of  Drops. 

B«fdark.<. 

Mali  mum. 

Mini""™. 

Mmd. 

17 

c«ntjm._ 

Bitremc  difl 

centiuu. 

4 lob«a. 

38 

Tn>ce.of3or61ob««. 

21-5 

4-S 

i-i 
4  5 

4-5 
4-5 

3-4 
4  8 

a -8 

4 

4-5 
4-5 

4-25 

9 
BorlO 

10 
8  org 
8 
9 
8  + 

Mmu- 

9(-) 

■ 

ao-6 

4-3 

3-9 

9 

C*r(«iil. 

IB -3 

1  S 
5-15 

4D 

4 -a 
4-35 

4 '25 
1'5 

4-75 

10 

10 

10  or  11 

10 

Very  regular. 
Regular. 
Probflblj  11. 
a  very  regular. 

Mean- 

4-68 

10<  +  ) 

4S 
ITS 

4  8S 

4  8 

4 

6-17 

4-38 

13 
12 

la 

Probabl; ;  Begmenl 
tioii  not  «>mplell 

Probably. 

Mean- 

4  8 

13(-) 

9 

4  7 
4'1) 

47 
4 '9 

13 
12 

12nrl3 
13 

13  or  14 
13  or  14 
13  or  11 

12  or  13 

Probably. 

(?0Hibl}rl3)idMp 
rate  manea  i  ws 

Pmbablji  llmaMo^ 
or  IS,  if  one  no 
•erandary  ,  7  ^ 
fettly  symmirtiKil 
andequftlmarkil 

Quito    ciroulttrj     S 

MWD- 

4'S 

13 

J 
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Ajumlns  No.  2. 
(Initial  di«ineter= 7-475  eentimi.) 


DiuDston. 

"^I."' 

Number 
•fDropfc 

Bemuki. 

Muimimi. 

Minimum. 

Ueui. 

centinu. 

centim.. 

centinu 

ccDtima. 

18 

6  86 

8-85 

6-85 

17 

U  ma«M<  i  11  drop* 
perfeoHj  regular. 

6-85 

6-85 

6-96 

16  or  17 

17 

Perfecli*  oireuUr. 
ProUbly. 

6 -65 

S-6S 

6-65 

16 

Wmicirele ;      *>nd 
nther  hard. 

«6S 

«■■ 

6-67 

IB  or  18 

8ud  wetter. 

e-M 

•  U 

S-Sfi 

IGor  16 

M«M1- 

«-7 

16-1 

It  will  be  observed  tbat,  ia  the  case  of  the  smaller  annnlas,  the 
Average  experimental  valne  of  n  is  nearly  a  whole  drop  below  the 
tlieoretical  ralne.  This  points  to  the  pouibilitj  of  contraction  before 
the  segmentationa  were  determined.  Soch  contraction  wonld  cause 
a  dJminiition  in  the  ralae  di  the  ratio  — ,  both  by  diminishing  the 

nnmerator  and  increasing  the  denominator  of  the  fraction,  and  would 
prodnce  a  corresponding'  diminntion  in  the  nnmher  of  drops. 

Since  the  force  of  contraction  is  inversely  proportional  to  the  prinoi< 
P^  radios  of  the  annnlns,  its  effect  will  be  more  rapid  in  the  smaller 
umnlna,  both  on  this  acconnt  and  because  of  the  smaller  maw  of 
titfnid  to  be  set  in  motion.' 

That  the  an&nlaa  sometimes  becomes  elliptical,  is  probably  dne  to  an 
nneren  distribation  of  the  liquid  at  starting.  When  the  disk  was  not 
qnite  horisontal  the  thickest  and  thinnest  portions  of  the  annnlns  wonld 
be  opposite  to  each  other,  and  the  scgmeatation  of  the  latter  will  be 
oomplele  before  that  of  the  fomcr.  This  accords  with  the  previona 
obaeiration  that  the  well  and  ill-divided  psrt«  are  always  at  opposit« 
andaof  tbe  same  diameter. 

To  acconnt  for  the  fact  that  this  diameter  is  the  shortest,  it  wonld 

*  It  ihoald  bo  remembered  that  the  contrarliie  force  cpasix  to  act  on  drope 
which  hare  BMumed  the  fpherical  form.  Hence  the  total  amount  of  contraction 
that  i*  found  to  haretskenplaceatanj  time  afl«T  complete  •egmentotion  will  deprad 
im  tha  TslfwitT  aoauirMi  vhiU  Ihii  fnmn  ar*rA.  ruiil  thirrefom  iinan  tha  lima  n»ui*Hl 
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1 

DBpth  of 

Dinmet^rs. 

Number 
of  Drop*. 

Uimoiiim. 

Ums. 

47 

™3-8T- 

CMitimi. 
extreme  dm 

rontirai. 

meter.) 

4  lobes. 

38 

Tma,'<af6or61olM< 

4-S 

4  2 
4  5 

4-5 
4  5 

3i 

3-8 
i 

4-5 
4-5 

4-1 
4-4 

4 
4 '26 

4  5 
4-5 

9 
9  or  10 

10 
8  or  9 

8 

L 

i 

U(«n. 

4-8 

S(-) 

20-3 

4-3 

3 '8 

*■! 

9 

CerlaU. 

18-3 

4  8 

5  15 

4  3 

4-a 

4  35 
4-25 
4-5 

4  6 
4 -78 
4  G 

4'7 

10 
10 

10  or  11 
10 

Very  regular. 

fU-guliir. 
Probably  11. 
5  Terj  regular. 

Mean- 

4 '66 

10(t) 

15  a 

5  i 

4  85 

4-8 
4 

5  17 

4-8 
4-38 

13 

13 
13 

Prohablj  i  *egmt,aH 

tfoD  not  CODiplrtl 

Probably. 

Mean- 

4  8 

la(-) 

•J 

1  H 

4-7 
4  0 

4'7 
4-B 

13 

13 

12  or  13 
13 

13  or  14 
13  or  11 
13  or  U 

IB  or  13 

Probably. 
(Po.8lblyJ3):9K>p 

Probably;  11  mauoij 
or   12.  if  onol«E 
•econdary;  7  VV 

and  equal  marlul 

Quito    circular  i    i 

masMB. 

MWD- 

4-8 

13 

18t9.]       i^poflAin«ou«  Segmentation  of  a  Liquid  Atm^ua. 

Annulns  No.  2. 
(Initio)  diametAs  7'476  centimB.) 


Diumten. 

Yi-' 

Number 
•f  Drop*. 

Bemarb. 

Minimum. 

He&a. 

centintt. 

oentimi 

oentinu 

ccniira* 

18 

6  8S 

S-85 

6 'S3 

17 

llmameai  11  drop* 
portectly  rrgular. 

S-85 

«-S5 

6'SG 

16W17 
17 

Perfect! J  uireular. 
ProtwblT. 

6-65 

8-66 

6-65 

16 

Prubabl;  -,  8  in  one 
•emicircte ;      wnd 
mtber  hard. 

fl'SB 

IE  or  IS 

Bud  wetter. 

6'«S 

«65 

«-65 

16  or  16 

Mnn- 

6-7 

16-1 

It  will  be  observed  that,  ia  the  case  of  the  smaller  atmulaB,  the 
aTeroge  experimental  valne  of  m  is  nearly  a  whole  drop  below  the 
tiieoretical  value.  This  points  to  the  poBaibility  of  contraction  before 
tbe  ■^(mentatioBa  were  determined.     Snch  contraction  nonld  caiue 


a  diminntion  in 


I 


numerator  and  increaGing  the  denomiaalor  of  the  fraction,  and  woald 
produce  a  oorreaponding  diminntion  in  the  number  of  drops. 

Since  the  force  of  contraction  is  inversely  proportional  to  the  princi> 
pal  radios  of  tbe  annalas,  its  effect  will  be  more  rapid  in  the  smaller 
atmnliu,  both  on  this  account  and  because  of  the  smaller  mass  of 
liquid  to  bo  set  in  motion. • 

That  the  annalns  sometimes  becomes  elliptical,  is  probably  due  to  an 
nneren  dbtributioo  of  tbe  liquid  at  starting.  When  the  disk  was  not 
qaite  horiaontal  the  thickest  and  Ihinneat  portions  of  tbe  annulus  would 
be  oppoaite  to  each  other,  and  the  segmentation  of  the  latter  will  be 
complete  before  that  of  the  former.  This  accords  with  the  previous 
obaerration  that  the  well  and  ill-divided  parts  are  always  at  opposite 
enda  of  the  same  diameter. 

To  account  for  the  fact  that  this  diameter  ia  the  shortest,  it  woald 


DOntrsctire   force  cesspa  to 

act  on  dropt 

Hence  the  total  amount 

of  contntction 

that  i»  found  to  have  taken  place  at  any  1  in 

on  wiU  depmd 
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be  neceaaary  to  ev&laate  the  average  centripetal  velocities  during 
the  fall  of  the  portions  of  the  annnlaB  at  the  posittoDs  of  maximiim, 
mean,  and  minimam  thickneM,  for  a  given  distribution  of  the  liquid, 
which  can  only  be  done  when  the  connexion  between  time  of  segmen* 
tation  and  thickneBS  ie  known. 

The  very  fact  of  segmentation  taking  place  sooner  in  one  portion  of 
the  annnloB  than  another  is  iteelf  a  soarce  of  aaymmetiy,  as  was 
shown  by  the  experiment  of  liberating  a  portion  of  an  annaloe,  which 
was  found  to  contract  in  length  and  straighten  iteelf  with  great 
rapidity. 

Thus  after  a  fall  of  12  centime.,  a  portion  of  annnlna  No.  I,  repre- 
sented in  fig.  3,  gave  on  the  sand  the  impression  represented  in  fig.  4. 


The  sharp  curvature  of  the  free  ends  is  of  course  the  cause  of  the 
shortening.  Its  influence  was  often  noticed  in  the  case  of  elliptiod 
marks,  inasmuch  as  the  extremities  of  the  row  of  ill-divided  impres- 
sions were  separated  from  the  extremities  of  the  well-divided  portion 
by  spacefl  rather  greater  than  the  average  distance  between  neigh- 
bouring drops  elsewheiv. 

It  is  evident  that  the  method  of  liberation  adopted  in  these  experi- 
ments is  not  applicable  to  &  straight  cylinder,  which  will  immediately 
begin  to  contract  and  shorten  under  the  influence  of  the  pressure  of' 
the  curved  ends,  unless  it  be  prevented  from  doing  so  by  being  kept 
stretched  between  metallic  terminals  to  which  it  adheres ;  such  termi- 
nals would,  unless  of  relatively  great  mass,  require  to  be  fixed  to  a 
frame  which  of  course  must  fall  with  the  cylinder.  The  impurity 
introduced  by  nsing  an  amalgamated  metal  would  be  a  source  of  error, 
as  M.  Plateau  has  pointed  out  in  his  own  experiments,  which  how- 
ever, might  be  avoided  by  adopting  the  plan  mentioned  by  Professor 
Outbrie,  "  Proc.  Roy.  Soc.,"  vol.  xiii,  p.  458,  of  nsing  platinum,  to 
which,  when  once  rubbed  with  an  amalgam  <^  sodinm,  mercory  will 
adhere  closely  and  without  amalgamation. 

The  experiment  would,  in  this  maaner,  be  probably  quite  feasible. 

I  have  endeavoured  by  smoking  the  wooden  disk,  to  render  it  ua- 
weteble  by  water,  and  so  lo  Uberate  an  annnlns  of  that  liquid,  but  so 
far  without  snocess ;  the  water  always  finds  ite  way  here  and  there 
through  the  coating  of  lamp-black  and  adheres  to  the  disk. 


1879.]  On  th£  Hittoloffy  of  Hydra  fusea.  SI 

IX.  '*  On  the  Histology  of  fly<fra/iMca,"  By  T.  jEFraRT  Parker, 
B.Sc,  Lecturer  on  Biology  in  Bedford  College,  London, 
and  Demonstrator  in  the  Royal  School  of  Minea  Commu- 
nicated by  Profeasor  Huxley,  Sec.  R.S.  Received  Decem- 
ber II,  1879. 

(^From  the  Biological  Laboratory  of  the  Royal  School  of  Mines.) 
LPlat«  1.] 

The  few  observation 8  I  have  to  offer  on  this  much-discDHsed  sabject 
are  partly  confirmatory  of,  partly  supplementary  to,  those  of  Kleinen- 
berg,"  they  present  a  certain  agreement  with  those  of  F.  E.  Schulie,t 
while  they  are,  in  great  meaanre,  distinctly  contradictory  of  the  later 
researches  of  Korotneff.J 

1.  The  Ectoderm  and  the  Musadar  Layer. — The  layer  ot  longitudinal 
6bres  between  the'  ectoderm  and  the  endoderm  was  discovered  by 
Kfilliker,  who  believfd  that  each  fibre  was  in  direct  connciion  with  an 
endoderm  cell.  Kleinenberg,  in  teased  specimens,  aaw  that  the  ecto- 
derm cells  tapered  towards  their  inner  ends,  and  that  each  was  coa- 
tinned  into  a  simple  or  branched  process,  of  precisely  the  same 
chancter  as  the  fibres  seen  in  sections :  from  this  observation  the 
important  conclusion  was  arrived  at.  that  the  fibres  were  in  direct 
continnity  with  the  ectoderm  cells,  thus  forming  a  aort  of  nascent 
mesoderm. 

Schnlze  figures  the  elements  of  the  middle  layer  as  fusiform  fibres, 
with  somewhat  jagged  edges.  KorotnefT,  following  Kteinenberg's 
directions  as  to  methods  of  preparation,  came  to  the  conclusion  that 
the  ectoderm  cells  were  expanded  {etargie)  at  their  inner  ends,  and 
thkt  each  carried  a  fusiform  refringent  fibre,  attached  bj  its  middle  to 
the  enlarged  base  of  the  coll,  and  projecting  beyond  it  in  either  direc- 
tion, ao  that  the  cell  appeared  as  a  lateral  appendage  {annexe)  of  tbo 
fibre,  rather  than  the  fibre  as  a  prolongation  of  the  cell. 

How  M.  Korotnelf  can  have  come  to  this  conclusion  as  to  the  shape 
of  the  ectoderm  cells,  it  is  rather  diflicult  to  imagine  ;  by  any  ordinary 
method  of  preparation  it  is  perfectly  easy  to  satisfy  oneself  that  the 
ectoderm  cells  of  the  body  are,  as  a  rule,  markedly  distinguished  from 
those  of  the  endoderm  by  the  tapering  of  their  inner  ends;  and,  in 
ffood  specimens,  that  these  ends  are  continued  into  longer  or  shorter 
filamenta. 

The  question  of  the  exact  relations  of  the  fibres  is  by  no  means 
so  easy  to  decide.     Anyone  working  at  Tli/dra  for  a  week  or  two, 

•  "  Hjdim,"  1872. 

t  "Ueber  den  B>u  u.  die  EntwLdlura  Ton  Cordjlop)iora  lucuitri*,"  1871. 
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and  using  TarioDB  methods  of  preparation,  might  readily  frame  i 
dozen  difierfnt  theoriea  on  this  points  all  equally  snpported  by  «p 
pearancee.  But  the  matt«r  Boems  to  me  to  be  entirely  set  at  reet  bj 
thin  longitudinal  aectiana  of  Bpecimene  preeeryed  in  ammonic  bi 
chromato,  which  reagent  nsaally  has  the  effect  of  cansing  a  certaii 
araonnt  of  separation  between  the  layers.  In  such  sections  (fig.  1] 
the  ectoderm  cells  (ec.)  are  distinctly  seen  to  taper  off  towardi 
their  inner  ends;  the  Sbrea  (m.p.)  to  pass  from  them,  at  a  sharp  angle 
towards  the  endoderm,  or,  more  correctly,  towards  the  supportia| 
lamella ;  and,  in  some  cases  {e.g.,  the  fibre  to  which  the  line  fKin 
tn.p.  points),  the  fibres  can  be  distinctly  traced  into  the  att«ntiAte( 
extremities  of  the  cells. 

As  to  the  true  natnre  and  fonctions  of  these  stmctnres,  Dr,  EUna 
enberg  calls  the  ectiiderm  coll  with  its  filamentous  process,  a  neotl^ 
muscle  cell ;  M.  Korotneff  prefers  to  name  it  an  epithelio- muscle  ofltt 
ProBcssor  Huiley*  Considers  that  the  fibres  "  are  solely  intemuncialH 
function,  and  therefore  the  primary  form  of  nerves."  This  lastviewH 
rendered,  to  say  the  least,  decidedly  improbable,  by  the  great  nnmM 
and  the  regular  disposition  of  the  fibres.  It  seems,  a  prinn,  nnlikn 
that  an  aninial  devoid  of  all  muscnlar  tisEae  should  have  a  layer  ^ 
close-sol.  loni^'ituiiinal  nerve-fibres  throughout  its  wholo  body,  whih 
such  an  arraiigemeiit  is  perfectly  intelligible  in  a  set  of  specialli 
contractile  filumenta,  developed  as  a  means  of  rapid  retraction  of  ibi 
body.  I 

Tlic  term    "  nenro-muscular "   implies,    b«  Kleinenberg    ezplUofl 
that  the  process  only  is  contractile;  the  function  of  the  cell  itselfbi" 
nitiflj  to  reci'ive  and  transmit  impi'essions.     Bnt,  ae  Professor  Hnj 
points  out,  it  is  abeolntely  necessary  to  assume  contractility  in  j 
eiU  pi-oper,  to  account  for  the   lengthening   of  the  body.     The   fib' 
iiiinc'ly  have  a  special   degree  of  contractility  assigued  to  them 
corifs]iiindence  with  the  obvious    advantage    accruing  to  the  ar 
from  llie  power  of  instantaneous  shortening,  the  general  eontrjv 
i>f  the  cells  Bert-ing  for  extension;  this  movement  being,  as  ol 
tion  of  a  living  Hydra  shows,  a  comparatively  slow  one,      Thi 
must  iilso  be  of  use  in  the  characteristic  "  looping  "  movements 

I'lir  simjilrst  and  most  reasonable  way  of  looking  at  these  str 
is  that  ;iiiuiitrd  by  Dr.  Michael  Poster,  and  illustrated  in  the 
at    tlic   lii>f,'in.iinf,'   of  the   third  chapter  of  his  "  Teit^book  ( 
oh'gy."     Thc'se  show  clearly  enoogh  that  the  ectoderm  cell 
with  its  niu;-cular  process,   is  the  equivalent  of  what,  in  ( 
niiiinitis,  bi'iMnu's  sensory  cell,  sensory  nerve,  nerve  cell,  m 
anil  niuaeic  cell.     So  that  a  fairly  logical  t«rm  might  ' 

*  "  Aunt,  of  lovert.  Animal*,"  p.  64. 
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combining  Kleinenberg's  and  Korotneff's,  and  speaking  of  epithelio- 
Benro-moBcle  cell ;  bnt,  fortunately,  it  is  unnecessary  to  employ  any 
BfLch  cambersome  term,  and  qnite  sufficient  to  speak  of  ectoderm  cell 
with  contractile  process. 

The  interstitial  tissue,  discovered  by  Kleinenberg,  is  quite  readily 
made  out  in  all  parts  of  the  body  except  the  proximal  end,  where 
nematocysts  are  also  absent.  It  is  not  mentioned  by  Korotneff,  and, 
indeed,  its  existence  woold  be  impossible  if  the  large  ectoderm  cells 
had  the  shape  described  by  him. 

I  have  fonnd  no  interstitial  cells  in  the  tentacles  (fig.  5)  ;  this  would 
seem  to  show  that  the  ordinary  ectoderm  cells  may  also  be  the  mother 
cells  of  the  nematocysts.  The  ectoderm  cells  of  the  tentacles  also 
differ  from  those  of  the  body  from  the  fact  that  their  nuclei  are  non- 
nucleolate,  resembling  indeed  the  nucleoli  of  the  body  cells,  rather 
than  their  nuclei  (fig.  5). 

2.  The  Supporting  Lamella.  This  structure  is  clearly  distinguished 
by  Schulze  and  by  Korotneff,  the  latter  of  whom,  however,  figures  it* 
as  almost  equal  in  thickness  to  the  diameter  of  an  ectoderm  cell ! 
Kleinenberg  states  that  the  muscular  processes  are  imbedded  in  a 
structureless  cementing  substance,  and  that  this,  continued  beyond  the 
muscular  layer  on  the  endoderm  side,  forms  a  layer — the  '*  Sttitz- 
lamelle  "  of  Reichert — which  can  sometimes  be  obtained  as  a  separate 
structure. 

This  description  by  no  means  expresses  the  distinctness  of  the  sup- 
porting lamella.  In  specimens  prenerved  in  osmic  acid,  or  ammonium 
bichromate,  without  subsequent  treatment  with  alcohol,  it  is  easy, 
by  teasing  with  fine  needles,  to  detach  shreds  of  considerable  extent, 
more  or  less  free  from  attached  muscular  fibrils  and  from  cells  of  the 
interstitial  tissue  (Bg.  2). 

3.  The  Endoderm. — The  ciliation  of  the  endoderm  is  a  question 
about  which  there  has  been  a  good  deal  of  discussion.  Schulze 
figures  a  single  flagellum  to  each  cell,  as  seen  in  optical  section  of  the 
tentacle.  Kleinenberg  was  unable  to  demonstrate  the  existence  of 
flagella  in  the  uninjured  animal,  or  in  preserved  specimens,  but  in  trans- 
verse sections  of  the  living  animal,  he  observed  one  or  two  cilia,  in 
connexion  with  more  or  fewer  of  the  cells,  and  noticed  that  they  were 
not  fixed  structures,  but  were  occasionally  retracted,  and  then  protimded 
again,  the  cells  at  the  same  time  sending  out  pseudopodial  processes. 

It  is  quite  easy  to  confirm  this  observation ;  the  slow  lashing 
movement  of  the  flagelliform  cilia,  their  continual  disappearance 
and  reappearance  in  fresh  places  can  be  made  oat  without  difficulty. 
But  the  best  notion  of  the  characters  and  relation  of  the  cilia  is 
obtained  by  teasing  out,  or  still  better,  by  cutting  thin  sections  of 

•  Loe.  cit^  PL  16,  fig.  8. 
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osmic  acid  specimens.  Such  preparations  quite  lead  one  to  think 
tliat  tho  endoderm  is  ciliated  throogliont;  in  the  sections  pftrticalarly, 
(fif,'.  3),  cell  after  cell  is  seen  bearing  one,  two,  or  tliree  cilia.  Theae 
latrer  ai'e  of  great  length,  in  fact  nearly  or  quite  as  long  as  the  cells  ta 
which  they  are  attacted  ;  in  some  cases  indeed,  they  are  longer,  aji, 
for  instance  in  the  cell  to  the  right  in  fig,  6,  I  have  never  seen  any-* 
thing  like  a  "collar"  at  the  base  of  any  of  tho  cilia. 

The  nmcoboid  character  of  the  endoderm  cells,  as  seen  in  sections' 
or  fcoi'.ed  fiagments  of  the  living  animal,  is  a  well-known  fact ;  bat 
the  extent  and  activity  of  the  amceboid  movement  during  life  bao. 
not  be  en  sufiicientlj  insisted  on.  In  sections  of  picric  acid  OC 
ainmimic,  bichromate  specimens,  large  i-ounded  psendopodis  are  aeenr 
to  Im!  gnin  off  from  the  cells  into  the  digestive  cavity,  souetimea  (a 
fiui-h  an  extent  as  completely  to  obliterate  the  latter.  The  length  -*" 
the  cells  may,  therefore,  vary  almost  indefinitely  ;  tliey  may  be  bnt 
longer  thnn  the  ectoderm  cells  (fig.  3),  or  may  be  two  or  three 
as  long  (fig.  1).  This  variation  in  the  size  of  the  endoderm  cellti,  B 
the  consequent  variation  in  the  diameter  of  the  digeative  cavi^, 
very  marked  in  my  series  of  sections,  nearly  all  of  which  are  taken 
large  specimens,'  killed  in  a  state  of  half-extension.  When  the 
derm  cells  are  fnlly  extended,  it  is  Hlmnst  impossible  to  obtwn  th( 
complete  by  teasing.  Tbey  nearly  always  break  across,  and  can  mA 
be  obtained  in  a  fragmentary  condition.  ^^ 

A  very  noticeable  point  aboot  the  endoderm  cells  is  thi 
in  their  ])riitoplasm,  espeeiiilly  towards  the  far  end,  of  dark-coli 
irreguliir  griinules,  of  varioes  sizes.      It  has  been  suggested  that 
are  products  of  excretion;  Kleinenberg  makes  the  important  obser« 
tion  tliiit  their  number  varies  with  the  state  of  nutrition  of  the  aniai 

I  atn  convinced  that  these  bodies  are  food  particles,  taken  inla) 
protoplasm  of  the  cells,  from  the  partially  disintegrated  bodiea 
the  thiUmioilraca  in  the  digestive  cavity.  They  are  of  quite  1 
same  n.ilure  as  the  contents  of  the  alimentary  canal  in  many  of  1 
conimon  ClnJiireTa  and  Copepoda;  they  occur  chieBy  in  the  £ 
end  of  the  cell,  and  in  some  cases  they  have  all  the  appears* 
of  being  hiilf  in  and  half  out  of  the  protoplasm.  (See  fig.  6.)  Tlw 
piirtifh's  of  the  more  transparent  parts  of  the  body  of  the  Crustftoea^ 
will  nritiinilly  not  be  so  evident  in  the  cell  protoplasm;  even  tl  ^^ 
hoiveviT,  can  be  made  out  in  a  Hydra  in  full  digehtion,  when 
cndiidiTm  cells  of  the  distal  or  gastric  region  are  completely 
with  t nins pa I'cnt  spheroids. 

The  cle:in'sl  case  of  ingestion  of  solid  particles  is  that  shown 
fig,  1,   '/,  wlit^n  a  diatom  is  seen  to  be  completely  imbedded 
pniti'plasiii  of  a  cell. 

If  tliis  e.v[iliin!ition  at  the  dark  granules  is  the  correct  one,  H'^drol 
*  SiipitlitiJ  bf  Hr.  BvlloQ,  of  BinningliAin. 
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will  have  been  shown  to  exhibit  a  proceaa  of  alimentation  identical 
irith  th&t  described  hj  Hetschinkoff,  in  the  lower  Turbdlaria  and  in 
sponges.*  The  Bosaian  obeerrer  deacribea  the  complete  obliteration, 
dnring  digestion,  of  the  digestive  cavity  in  the  Tarbellarians,  and  of 
the  canals  in  the  sponges;  and,  in  the  former  as  well  as  the  latter,  he 
has  nadonbted  evidence  of  the  actual  ingestion  of  solid  particles  by 
the  endoderm  cells. 

It  wonld  seem,  therefore,  that  Bydra  adds  another  instance  to  the 
two  already  bronght,  forward  hy  Metschnikofi*,  of  a  Metazoon  exhibit- 
ing what  is  usually  considered  to  be  a  distinctively  Protozoan  mode  of 
digestion.  It  is  qnite  possible  that  a,  preliminary  disintegration  of  the 
animals  t^en  in  is  performed  by  jnices  secreted  by  the  endoderm  cells, 
bat  the  final  digestion  seems  to  take  place  in  the  actual  protoplasm  of 
tlte  cells,  into  which  the  food  articles  are  taken  in  the  solid  form. 

The  endoderm  oells  of  the  tentacles  renemble  those  of  the  proxim^ 
and  of  the  body  in  possessing  larger  vacuoles  (fig.  5).  Their  nuclei 
are  in  some  instances,  although  not  constantly,  simple  and  non-nncleo- 
late  like  those  of  the  ectoderm  cells  for  the  same  region  (fig.  5). 

Finally,  I  have  been  able  fully  W  confirm  Professor  Huxley's  stat«- 
mentf  as  to  the  presence  of  nomatocysts  in  the  endoderm  (fig.  1,  ft), 
a  statement  which,  as  far  as  I  am  aware,  has  not  been  made,  with 
regard  to  Hydra,  by  any  other  writer  on  the  subject.  This  fact  is,  like 
the  absence  of  interstitial  tissue  in  the  tentacles,  an  ai^nment  against 
Kleinenberg's  view  that  the  tissue  is  the  sole  source  of  the  nema- 
tocysts. 

i,  Melhodt. — For  sectionR,  the  Hydra  were  either  killed  with  hot 
water,  and  placed  in  Kleinenberg's  picric  acid  for  two  hours,  or  were 
placed  alive  in  ammonic  bichromate,  1  per  cent. — which  always  kills 
them  in  the  half  extended  condition — and  kept  in  it  for  two  or  three 
days.  In  either  case  they  were  afterwards  transferred  to  50  per  cent, 
alcohol,  and  then  placed  successively  in  75  per  cent.,  90  per  cent.,  and 
absolute  alcohol.  The  xpecimeiis  were  stained  either  with  carmine  or 
picrocarminc,  and  imbedded  in  cacao  bntter,  after  soaking  for  a  short 
time  first  in  oil  of  cloves  and  then  in  melted  cacao  bntter.  By  this 
means  they  became  so  thoronghly  permeated  with  the  imbedding 
material  that  they  could  be  cut  withont  the  loss  of  a  single  section  ; 
even  longitudinal  sections  of  the  tentacles  could  bo  made  with  ease. 

For  teasing  I  employed  ammonic  bichromate,  acetic  acid  (0'5  per 
cent.),  or  osmic  acid  (1  per  cent.),  and  for  this  purpose  the  specimens 
were  not  transferred  to  alcohol,  bnt  to  weak  glycerine  (equal  parts  of 
glycerine  and  water  ),  iu  which  they  were  teased  out. 

"  "ZooL  AnuigiT,"  Bd.  I  (IBTS),  p.  387,  and  "Zciticli.  f.  wiu.  Zool." 
Bd.  zuii  (1879).     It  need  h>rdlj  b«  uid  that  the  above  Tiiw  of  the  pbjaiakigT  of 
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carmine),  showing   the    pseudopodia    of    the   endodorm    ce]Ii 

iiieludnt  food  particles,  as  also  the  ikbst'nco  of  int«rstitiul  tissue 

Figure  ."i.  Lnngiludinal  section  of  a  tentacle,  {picric  acid — aliN}hol — earmitiAa 
this  Hi'ction,  selected  as  showing  the  food  pnrticlee  in  [he  protopla 
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January  8, 1880. 

THE  PBBSIDBNT  in  the  Chair. 

The  PreaentB  received  were  hud  on  the  table  and  thanki  ordered  for 

The  Right  Hon.  Thomas  Qeorge  Baring,  Lord  Northbrook,  whose 
certificate  had  heen  snapended  as  required  hj  the  Statutes,  was  baU 
lotod  for  and  elected  a  Fellow  of  the  Society. 


The  Baeserun  Lectuke— "On  the  Photographic  Method  of 
Happing  the  Leaiit  Re&angible  End  of  the  Solar  Spectrum 
(with  a  Map  of  the  Solar  Spectrum  from  7600  to  107A0)" 
— was  then  delivered  by  Captain  W.  DE  W.  Abnbt,  RE., 
Fits.     The  following  is  an  abstract : — 

The  author  refers  to  the  sonsitiveness  of  different  forms  of  silver 
salts  when  espoaed  to  the  action  of  the  spectrum,  and  shows  how 
he  has  been  able  to  prepare,  hj  methods  indicated,  silver  bromide 
which  absorbs  the  red  and  ultra-red  rajs,  and  which  is  sensitive  to 
these  rays. 

In  his  paper  ho  describes  the  apparatus  employed  by  him  in  the 
photography  of  the  invisible  least  refrangible  rays,  both  with  a  pris- 
matic, and  also  with  the  diffraction  apparatus.  From  photographs 
taken  with  the  latter,  he  has  constructed  a  map  extending  from 
\  7600  toX  10760,  which  he  submits  to  the  Society.  He  has  also 
compared  Lamansky's  prismatic  thermograph  and  that  of  Sir  J, 
Herechel  with  his  photograph  of  the  prismatic  spectrum.  The 
paper  closes  with  some  theoretical  remarks  on  the  silver  compounds 
employed. 


Dr.  E.  J.  Mills. 


[JULlSftJ 


January  15,  1880. 

THE  PRESIDENT  in  tiie  Chair. 

The  Presents  received  wore  hid  on  the  table,  and  thanks  ordered  for  j 
,hem. 

The  following  Papers  irere  read: — 


I.  "On  Chemical  Repulsion,"    By  Edmund  J.  Mills,  D.So^  . 
F.R.S.     Received  January  S,  1880. 

Wliile  engiigcd  in  aome  researches  on  the  propagation  of  cl« 
chnngf,  I  have   incidentally  encountered   a  nt^w  order  of  pher 
which  the    title  "  chemical  repnlaion  "   may    Kervn    provisionally  ^ 
ilcsif^niitc.     A  brief  ontline  of  the  experiments  is  given  in  the  folio 
ing  panigraphs. 

Upon  »,  gliiNs  plate,  laid  in  a  hr        ntal  position,  is  ponred  s 
.-iolutiou  of  baric  chloride  to  (  it  completely  to  a  ( 

depth.     On  (his  Holntion  is  ]       i  ;her  gltisa  plate,  proi-ided  intStili 

small   conlntl  pirrfiiration ;    w  the  two  plat<;s  are  (irmly  pre 

togothrr  «-Jrl,  rljn  handa,  m       of  the  solution  is  estriided,  and  oa^l 
a  very  t.!j.:,   I,i/T  fif  it  l<       t>     reen  the  plates.     All  excosa   of  i' 
sohiti'.j.  .'.;;     r,  /  hpf-Ti  n       vi      from  the  onter  snrfacea  of  the  plate 
as  wi-l:     -:    ■■,'.1    hhf.  ]       (  1,  Rome  dilute  hydrio  sulphate  ia  n 

intriiit,    .:      .  '.    the         •To  i.      TI    i    reagent  nttAcks  the   1 

pr     pitate  of  aalphatc  ;  and,  j 
ly  V,  does   not  cease  to  widen  % 

I  nntil  the  edges  of  the  | 

CI    nlar,  the  figure  of  advi 
c  development  of  a,  circle  I 


,n^    ,i->. 


.1.    it«  fiffi 
rf  the  p 


Li'1  IIS  now  sii[ipoHe  the  two       itea  to  be  square  and  equal,  and  II 


.■  have  two  circnl 
(■ciilrc  of  the  square,  and  a  np 

circular  ih'V('li>|inientsof  1        C 
rriiiii  Ihv  iHo  perforations   simo  i 

able  is  oliMTvt'd  ;  but  in  a  abort  , 

cM'rciso  a  visible i-etardation  on  eachi 
i)f  jidviiiire  is  no  longer  circnlar,  1 
coursr  observed  only  between  the 
where  the  motion  is  entirely  free.}     Jut 


Tttiona,  equidistant  from  t 
I  its  diagonal.     Let  also  k 
)  caused  to  proceed,  as  befow 
f.     At  first,  nothing  remar' 
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oontmoea,  bo  also  does  the  retardation  at  their  neighbonring  edges 
increase ;  the  6nal  result  being  (however  long  the  experiment  may  be 
prolonged),  that  the  other  diagonal  of  the  sqoare  is  completely  and 
permanently  traced  oat  in  a  line  of  no  chemical  action. 

The  above  experiments  are  of  f  ondamental  importance,  and  th^ 
obviously  admit  of  endless  variety     Of  this,  &  few  illnstrations  may 

If  the  npper  plate  have  three  perforations,  situated  on  the  points 
of  a  central  eqailateial  triangle,  there  are  three  repolaion  lines  ;  these 
end  at  the  centre  of  the  triangle,  where  they  form  a  trilocalar  point, 
and  traverse  its  sides  midway  at  right  angles. 

When  the  npper  plate  has  foor  perforations,  situated  on  the  points 
of  a  central  square,  there  are  four  repulsion  lines  ■,  these  end  at  the 
centre  of  the  square,  where  they  form  a  quadrilocniar  point,  and 
traverse  its  sides  midway  at  right  angles. 

A  veiy  beautiful  modification  of  the  preceding  experiment  consists 
in  simottaneonsly  developing  a  circle  from  a  (fifth)  central  perforation. 
This  last  circle  has  no  means  of  escape  from  the  surrounding  fonr. 
The  result  is,  that  it  eventually  forms  a  square  figure  bounded  by 
repulsion  lines,  and  having  four  symmetrically  situated  repuhnoo 
lines  at  its  comers. 

It  is  easy  to  demonstrate  that  the  chemical  repolsioa  in  these  ex- 
periments does  not  depend  upon  flow.  Two  superimposed  triangular 
plates  for  instance,  in  neither  of  which  is  any  perforation,  give  three 
repulsion  lines  on  immersion  in  dilate  hydric  sulphate.  From  each 
comer  a  line  proceeds  midway  (if  the  triangle  be  equilateral)  to  the 
centre.     In  this  effect,  diffusion  is  alone  concerned. 

In  ad^tion  to  hydric  sulphate  and  baric  chloride,  other  pain  of 
reagents  may  be  uaed  with  success  ;  and  I  anticipate  no  difficulty  in 
obtaining  resnlts  in  which  precipitation  is  not  concerned.  A  beginning 
has  also  been  made  with  experiments  in  tridimensional  development. 

The  complete  explanation  of  what  I  have  termed  "chemical 
repulsion,"  will  probably  demand  a  varied  and  considerable  amount  of 
experimental  work.  From  some  incidents  of  the  investigation,  so  far 
as  it  has  hitherto  proceeded,  I  am  disposed  to  believe  that  the  motion 
in  any  plane  chemical  figure  is  not  along  the  radius,  bnt  at  right 
uigles  to  the  radios  ;  and  this  supposition  will,  if  verified,  explain  the 
repulsion.  The  existing  results  aSord  proof  of  the  following  pro- 
positions, viz. : — (1.)  Chemical  action  can  take  place  at  a  dUtanc«  ;  and 
(2.)  Two  or  mare  chemiaU  aetione  identical  except  inpotilion,  completdy 
sacItMie  one  another. 


Mr.  U.  M.  Whipplo. 
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II.  '■  Results  of  an  Inquiry  into  renoaiciiy   oi 

By  fi.  M.  Whipple,  B.Sc^  F.K-A  1.,  Superiutendent  o 
Kew  Observatory.     Commonicated  by  RoBEltT  H.  Soon 
F.K.S.    Received  January  8,  1880. 

The  exceptionally  beaTy        a      I  s  past  spring  and  rniiw^ 

directed  n,  large  amount  of  i  to      e  records  of  rainfall  in  tti 

countrj,  and  more  th;  in"  etat«d  that  ho  had  fooniil 

ceriiiin  periodicity  ing  in  the  q  of  rain  annually  oolleod 

Dr.  Jleldrtitn,  Protes;     :  Bali  ;,  Mr.  Hennessey,  ProEeM 

Stanley  Jevons,  Dr.  Hm  r,  i  i  oti  j,  have  also  widely  pnblislie 
theories  based  upon  the  :  n]  it  the  variation  in  the  year! 
amounts  of  fall  depends  in  some  m  upon  solar  phenamona  i 

exhibited  by  the  changes  in  t      ap  36  of  thesan's  aarface,  thenll 

indicating  a  cycle  of  spproxli         ly  '     i  or  eleven  years'  daration;  1 
oven  among  tho  Bupportere   of  this  BO-termed    "  sun-spot "  thooiy  J 
rainfall  there  are  differences  of  opinion  ae  to  the  exact  natnro  ot  f 
influence  an  increase  of  snn-apota  would  exert  opon  the  rainfall  of-jj 
locality.  "* 

Mr.  G.  J.  Symons,  in  "Nature,"  toI,  vii,  p.  143,  has  i 
vestigatcd    these  theories,  and  shown   tha   ten-year  period  i 
obtain  universally. 

After  reading  a  paper  by  Professor  Stewart,  in  the  "  Proc.  ' 
Sdc,"  vol.  xxix,  p.  106,   "On  a  Method  of  detecting  tho  untnow 
hicquiilitirs  of  a  Series  of  Observations,"  it  occurred  to  me  to  try  tl 
metliod  lie  employed   upon    terrestrial  magnetic   changes,  upon  th 
anunal  viilues  of  the  rainfall,  in  order  to  dcdnce  from  the  observatii 
thcmBclves  the  trne  periodicity,  it  one  existed. 

With  a  view  of  dealing  with  the  lai^est  mass  of  material  pOBnU 
took  the  lonK  scries  of  rainfall  obaervationa  made  at  Paris  from  ]' 
to  1875,  published  by  M.  Mari6  Davy,  in  the  "  Annnaire  de  I'Obl 
toire  dc  Montsouris." 

These  I  proceeded  to  discuss  on  Professor  Stewart's  plan,  but  findi 
it  entailed  great  labour,  and  held  out  little  prospect  of  t 
;,'iviiig  a  good  result,  I  soon  abandoned  it,  and  after  several  oxpi 
menrs,  adopted  the  following  method,  which  would  detect  at  onoa  t 
presence  of  a  cycle  of  an  integral  nun         af  years  in  duration. 

St.arliiig  with  an  assumption  of  a  od,  which  I  first  made  fll 


^'t!i,  and  subsequently 
-T,  first  in  five-year  grou 
0  on,  year  by  year,  ui 
cse  furnished  a  set  of  cur 
the  amount  of  annual 
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poeing  the  series  under  consideration.  Perhaps  I  shsll  make  ihe  open- 
tion  dearer  b;  ezpUioiag  in  detail  the  actual  method  of  working  fiaallf 
adopted. 

Taking  the  table  of  yearly  totals,  the  dates  were  written  down  on 
paper  aide  by  side,  in  horizontal  rows,  in  red  chromograpbic  ink,  and 
then  the  corresponding  rainfalls  in  bine.  From  this  sheet  a  namlier 
of  impressions  were  worked  off,  each  of  which  was  cat  into  slips, 
afterwards  gnmmed  together,  so  as  to  form  a  long  strip,  exhibiting  in 
a  straight  line  the  whole  table  of  rainfall. 

The  strips  were  next  divided  into  abort  lengths  conesponding  to  ibe 
period  to  be  investigated  {e.g.,  for  a  five-year  period,  each  pieoe  con- 
tained the  valnea  for  five  consecntive  years),  and  then  gnmmed  on 
a  sheet  of  paper  one  beneath  the  other,  so  that  eventually  we  bad  five 
columns  of  figures,  the  means  of  which  represented  the  average 
rain^UI  for  each  of  the  years  represented  by 

(1  +  5) (1+2-5) (1  +  3-5) (l+»5) 

(2+5) (2+2-5) (2+8-5) (2+n5) 

(3+5) (3+2-5) (3+3-5) (S+«5) 

(4+5) (4+2-5) (4+3-5) (4+»fi) 

(5+5) (5+2-5) (5+3-5) (5+»5) 

The  mean  of  the  whole  series  also  being  known,  it  became  po«iUe 
to  form  a  curve,  showing  the  variation  in  the  amount  of  rainfall  npon 
the  assumption  of  a  five-year  period. 

By  applying  the  same  process  to  -other  copies,  curves  were  finally 
drawn  for  cycles  extending  respectively  over  six,  seven,  eight,  nine, 
ten,  eleven,  twelve,  and  thirteen  years,  and  the  points  of  maiimnm 
and  minimum  notod  for  each  carve. 

Tables  I  to  IX,  and  figs.  1  and  2,  exhibit  the  result  of  this  prooesa 
as  applied  to  the  whole  series  of  observations  discussed,  including  the 
Paris  results. 

Next,  the  whole  of  the  observations  were  plotted  down,  and  a  long 
curve  was  drawn  throngh  them ;  from  this  the  maximum  years  of  fall 
were  determined  and  noted.  The  dates  of  these  maxima  and  minima 
were  then  compared  with  the  dates  of  corresponding  maxima  and 
minima  of  a  curve  based  npon  the  five-year  cycle,  as  detormined 
above,  and  the  number  of  coincidences  and  non-coincidences  noted. 

The  same  operation  was  performed  with  each  of  the  cycles,  and 
finally  the  ratio  existing  between  the  number  of  coincidences  and  non- 
coincidences  was  calculated.     The  reenits  are  given  in  Table  X. 

This  table  shows  that  in  no  one  case  is  there  any  indication  of  a 
period  of  any  integral  number  of  years  from  five  to  thirteen  inclodTe 
Z  throuirb  them. 
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Fia.  1. 
Cnrvta  of  Rainfall  Variation  in  Cycles  of  5  to  13  ToarB. 
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elBTen,  or  twelve  years,  this  method  of  treatment  shows  it  to  be  com- 
pletely masked  (in  a  long  series  of  observation)  by  other  variations. 

The  discrepancies  enhibited  in  the  first  tables  obtained  made  it  very 
desirable  to  extend  the  field  of  inquiry,  by  inclading  as  many  obser- 
vations in  the  discnssion  as  possible ;  bat  having  fixed  upon  the 
arbitrary  limit  of  fifty  years  as  the  least  number  of  years  of  obaerva- 
tions  suitable  for  deaUng  with  after  my  method,  the  materials  for 
doing  BO  were  not  very  abundant.  £ventnaUy  I  was  able  to  collect 
the  following  ten  series  ; — 


Station. 

Periods 

Ho.  of 
yew.. 

Authority. 

1689—96,  169*-1764, 
mS-W,  ISO*— 76  . 

161 

154 

140 
116 
66 
65 

58 
67 

M 
64 

M88.  from  P.  Deiua 

B.  A.  Beport,  1866 
MSS.  froni  P.  D«u» 
Dine*  and  Symoii* 
"  Nature,"    ToL   iriii,  p. 

665 
Smithwnian  TabW,  p.  97 
"  Nature,"   -roL   xim,  p. 

97 

MSS.  from  P.  Denia 

PtdM 

Eivlud     (Sy. 
mont'UU*}.. 

Mitan 

London  

ftUdns    

Fhikddphu  .. 

HewBwaort.. 
Borne 

1736  to  1868 

To  these  I  added  an  eleventh  one,  forming  a  series  by  combining 
together  the  annnal  rainfall  for  1622  to  1875  at  London,  Paris,  and 
Edinbnrgli.  This  increased  the  total  number  of  years  of  observations 
Died  in  the  discussion  to  978. 

The  resalt  of  the  extended  investigation  in  no  way  affected  the  cou- 
closion  pointed  out  by  the  observations  previously  treated,  viz.,  that 
tslduf;  the  series  of  annual  totals  directly  a»  they  gtand,  there  is  no 
marked  indication  of  the  presence  of  a  short  cycle  to  be  found. 
There  are  a  few  exceptions,  notably  in  the  case  of  the  nine-year  period 
for  New  Bedford  and  Philadelphia,  the  eleven-year  cycle  for  lladnu, 
and  the  ten-year  eyclo  for  London,  Paris,  and  Edinburgh  combined, 
in  all  of  which  cases  the  coincidences  but  slightly  preponderate  over 
tho  non-coincidences. 

iLgain  on  consideration  of  the  differences  in  Tables  I  to  IX,  it  will 
be  seen  that  for  the  same  epoch  the  curves  of  variation  differ  widely 
for  localities  comparatively  close  together.  For  example,  taking  the 
elsren-vear  cvcte  for  Padua  and  Milan,  stations  only  about  130  miles 
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These  show  that  the  yeara  of  greatest  rainfall  at  Pailua  wb  repr^ 
SDnlfid  hy  the  fornmla  [1804  or  &  +  lln],  and  of  least  by  [lS06+lli»],. 
n-hilst  far  Milan  the  maxtmam  oocnrs  at  [1807 +  11»],  and  the  minimniA' 
at[18UB+lbi]- 
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Vurthrr  inspection  of  the  tables  will  show  numerons  other  insta 
of  inc)i„'ni  tj  to  be  foiuid  in  every  one  of  the  cycles,  leading  fo 
1 1  the  Lnntl  in  on  that  either  no  short  term  of  exactly  five,  six, 
(iplit  nm  ten  i  loven,  twehe  or  thirteen  years  esists  in  the  f 
nm  UTit  of  mnfUl  at  any  of  the  stationa  whose  observations  h»T$ 
bt(ti  hprt  diecus'ifd  or  that  the  effectof  abnormal  falls  is  no  great  thl^ 
it  omn  t  he  l!i  mnated  bj  upwards  of  a  hundred  years'  observationi 

[ii  11V  cii'^i  I  th  nk  it  may  now  be  stated  with  certainty  that  t 
Iiredn-L  ns  ns  to  rainy  or  iry  \ears,  based  npon  eiUting  raateriaT 
innst  m  luture  ie  considered  as  utterly  valueless. 

My  tlianks  art-  due  to  ilr.  R.  H.  Scott,   Director  of  the  Metft 
io^ifiil  Oflict',  for  several  valuable  snggestiooa,  and  lo  Padre  F.  D' 
IHrcolor  of  the  Moncalieri  Observatory,  for  laanuicript  copies  t 
Italian  obBervationB. 
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III.  "  Studies  on  the  Electric  Arc."  By  Professor  Jambs  Dewar, 
M.A.,  F.B.S.,  Falleriaa  Profeeeor  of  Chemistry  at  the  Koyal 
Institution.     Received  January  8,  1880. 

Id  a  former  commanication  on  ibe  formation  of  bydrocyanio 
acid  in  the  electric  arc,  a  more  complete  examination  of  the  Tarions 
reactioQB  taking  place  in  the  arc  with  poles  of  varions  kinds,  and  in 
presence  of  difEerent  gaseous  media,  was  promised. 

Varions  difGcnlties  have  impeded  the  satisfactory  progress  of  the 
investigation.  During  the  course,  however,  of  nnmeroos  experi- 
ments, facts  of  interest  have  been  recorded,  which  appear  worthy  of 
-embodiment  in  a  short  paper. 

Formation  of  Cyanogen  Compounds. 

The  infloence  of  impurities  in  the  carbon  on  the  production  of 
hydrocyanic  acid  was  first  examined.  For  this  purpose,  some 
drilled  Siemens'  carbons  were  placed  in  a  porcelain  tube,  and  treated 
for  several  days  at  a  white  heat  with  a  rapid  stream  of  chlorine,  until 
the  greater  part  of  the  silica,  oxide  of  iron,  alumina,  &c.,  were 
volatilised  in  the  form  of  chlorides.  Sometimes  the  carbons  had  a 
snbseqaent  treatment  with  hydrogen,  or  were  directly  treated  with  a 
current  of  chlorine  while  the  arc  was  in  operation. 

Carbons  treated  in  this  way  continued  to  yield  hydrocyanic  acid, 
when  a  steady  current  of  air  was  drawn  through  the  positive  pole  as 
formerly  described,  even  when  the  same  pole  had  several  successive 
treatments  with  chlorine  during  the  discharge.  Natural  graphite  poles 
gave  the  same  result. 

As  it  was  evident  from  the  foregoing  ezperimentB,  that  the  elimina- 
tion  of  a  large  portion  of  the  imparities  had  little  influence  on  the  pro- 
duction of  the  hydroc3'anic  acid,  the  only  other  explanation  of  its 
formation  appeiirt^d  to  be  the  presence  of  aqueous  vapour,  and  organic 
impurities  in  the  air,  or  a  direct  formation  of  cyanogen  from  carbon 
and  nitrogen.  An  attempt  was  made  to  obtain  a  pure  and  diy  atmo- 
sphere in  which  Kuch  experiments  could  be  carried  out.  The  following 
apparatuH  wa«  devised  for  the  pnrpoRe. 

A  tin  vessel,  tig.  1,  about  two  feet  high  and  one  foot  in  diameter, 
had  an  annular  space,  through  which  a  constant  stream  of  water  was 
kept  flowing.  This  cylinder  was  placed  upon  a  porcelain  stand,  having 
a  narrow  groove  filled  with  mercury,  so  as  to  make  an  air-tight  joint. 
The  lamp  was  placed  inside  this  vessel,  the  wires  connecting  it  with 
the  machine  being  brought  through  the  bottom  of  the  stand.      A  tube 
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vessel  allowed  the  glass  tube  coming  from  tlie  positive  pole  to  pas» 
witli  little  frictioD,  throagh  which  the  prodncts  from  the  arc  were 
.  drawn.  This  annnlar  reaael  was  vety  conTenioat,  not  only  for  exa- 
mining the  prodncts  formed  in  the  arc,  bat  also  thoae  formed  ontside 
of  it,  and  the  water  flowing  roimd  it  served  the  donhlu  purpose  of 
keeping  it  cool  and  enabling  a  determination  of  the  amount  of  total 
radiation  in  heat  units  to  be  made. 


/-i 

© 

JF] 

Vessels  containing  nnlphnriu  acid  and  phosphoric  anhydride  were 
placed  inside  the  cylinder  is  order  to  dry  the  interior  as  completely  as 
posBible. 

Namerons  ozperimcnts  made  by  forcing  perfectly  dry  air  into  tho 
veKsel  through  the  tabo  A,  and  drawing  it  out  by  the  tnbo  B  throof  li 
a  weighed  snlphuric  acid  bnlb,  gave  after  an  honr  a  few  milligrams  of 
water,  owing  no  donbt  to  some  slight  defect  in  the  soldering  of  the  tin, 
which  allowed  a  capillary  film  of  water  to  diffuse  into  the  intetiflr 
space. 

When  the  ordinary  Siemens'  carbons  were  burnt  in  this  almost 
dry  atmosphere,  the  yield  of  hydrocyanic  acid  was  still  very  ma^sd, 
purified  carbons  yielding  the  same  lesalts. 
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As  thcjieldof  (^anogencompoimdB  did  not  appear  to  be  dimmuhed, 
and  it  appeared  almost  impoasible  to  get  the  lai^  Tolnme  of  air  in  the 
tin  vessel  perfectly  dry,  another  plan  was  adopted.  The  poles  were  en- 
closed in  an  egg-shaped  glass  globe  afaont  eight  inches  long  and  six  inchea 
in  diameter,  thus  diminishing  the  volnme  of  air  to  be  dried  and  dis- 
pensing with  the  water  covering.  The  globe,  balanced  by  a  system  of 
pulleys,  was  firmly  attached  to  the  tower  or  negative  pole,  with  which 
it  moved  withont  impeding  the  action  of  the  lanip. 

Dry  air  was  sometimes  forced  through  the  amative  carbon  itself,  at 
other  times  throogh  a  glass  tnbe  passing  Dp  the  side  of  it  into  the 
globe,  the  prodocta  being  drawn  throogh  the  positive  pole  as  before. 

As  the  globe  soon  became  intensely  heated,  and  asa&r  larger  supply 
of  dry  air  was  forced  in  than  was  drawn  out,  it  is  inconceivable  that 
any  mnistare  oonld  remain  near  the  arc  after  it  had  been  burning  for 
II  few  minutes. 

Seven  consecutive  experiments,  each  of  ten  minutes'  duration,  made 
with  the  same  purified  carbon  poles,  did  not  show  any  diminution  in 
the  quantity  of  hydrocyanic  acid,  unless  in  one  of  the  experiments, 
when  the  arc  would  not  be  drawn  into  the  interior  of  the  carbon  tube, 
bat  persisted  in  rotating  round  it.* 

The  inference  drawn  from  these  experiments  was,  that  the  drilled 
carbons,  even  after  prolonged  treatment  with  chlorine,  still  con- 
tained a  quantity  of  combined  hydrogen,  and  a  few  oi'ganic  analyses 
showed  that  the  amount  of  ash  and  combined  hydrogen  in  the  various 
samples  was  never  less  tlian  about  U/.l  of  the  former  and  as  much 
as  O'l  of  the  latter.  Poles  mnde  with  eBi>ccially  purified  carbon  by 
Messrs.  Siemens  for  these  ozpcriments  proved  to  be  no  better  in  respect 
to  the  quantity  of  hydrogen  and  ash  they  contained. 

The  well-nigh  impossiblo  problem  of  eliminating  hydrogen  from 
masses  of  carbon  sncb  as  can  bo  employed  iu  experiments  of  this  kind, 
proves  conclusively  that  the  inference  drawn  by  Mr.  Lockyer,t  as  to 
the  elementary  character  of  the  so-called  carbon  spectrum  from  an 
examinatiou  of  the  nrc  in  dry  chlorine,  cannot  be  regarded  as  satis- 
factory, seeing  tliikt  undoubtedly  hydrogen  was  present  in  the  carbon, 
and  in  all  probability  nitrogen  in  the  clilurinc. 

Experiments  with  Curlion  Tiibcn, 
In  order  to  ascertain  whether  the  formation  of  hydrocyanic  acid  and 
acetylene  in  the  arc  was  really  due  to  transformations  induced  by  Kome 

■  CTsnogen  in  ililBouU  to  ntruguiBC  in  prrwiu'c  of  prussic  acid  irlieu  in  imall 
qusntitj,  Mpecidll)'  wlien  impuritii-*  from  llio  i.-iirboiii  ■wmpliralr  tlii'  tettt.  In 
■peaking  j^Dorsllj  of  Ilie  fonnklionof  thic  iwli]  in  llican',  I  do  nal  m«n  lo  pn-luds 
the  powibilitj  of  cjaniigen  bcian  fonnrd  aa  vrll. 
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occult  power  located  in  the  arc,  or  was  aimplj  the  result  of  the  high 
temperatare  attained  bj  the  carbons,  a  eeries  of  experiments  was  made 
in  carbon  tubes,  the  arc  being  merely  ased  as  a  means  o{  heating.  The 
following  is  the  method  of  arranging  the  arc  for  this  experiment. 

A  block  of  limestone  abont  five  inches  long  by  three  inches  thiolc 
was  drilled  horizontally  as  shown  in  the  drawing,  another  bole  being 
drilled  no  as  to  meet  it  in  the  centre  of  the  mass. 


A.  drilled  purified  carbon  was  placed  in  the  horizontal  channel  and 
made  the  positive  pole,  the  negative  pole  being  a  solid  rod  of  carbon 
passing  through  the  vertical  apertnre.  Oases  were  passed  through 
the  positive  carbon,  and  were  thna  subjected  to  the  intense  heat  of  the 
walls  of  the  tube,  the  arc  passing  outside. 

The  walls  of  the  positive  carbon  burnt  through  with  great  rapidity, 
not  lasting  as  a  mlo  more  than  fifteen  minutes.  This  action  could 
only  bo  prevented  by  using  much  thicker  carbons,  and  consequently 
reducing  considerably  the  intensity  of  the  heat. 

The  porosity  of  the  carbons,  which  allowed  a  constant  diffusion  of 
gases  through  their  walls,  was  another  source  of  dilScoItj,  which  has 

On  passing  a  mixture  of  three  volumes  hydrogen  and  one  Tolnme 
nitrogen  thoroughly  dried  through  the  positive  pole,  a  large  yield  of 
hydrocyanic  acid  was  always  obtained,  and  on  using  equal  volumes  of 
hydrogen  and  nitrogen  the  quantity  was  if  anything  increased. 

Pnre  dry  hydrogen  by  itself  gave  a  trace  of  hydrocyanic  acid,  and 
a  consideriLble  quantity  of  acetylene. 

Pure  dry  air  gave  no  hydrocyanic  acid  or  acetylene  ;  moist  air,  on 
the  contrary,  giving  abundance  of  the  former,  but  only  a  trace  of  ths 
latter. 

The  yield  in  all  these  experiments  altered  considerably  with  the  iste 
at  which  the  gases  were  passed,  a  quick  stream  always  prodnoinf 
more  than  a  slow  one,  unless  when  oxygen  was  present. 

Ftirmatloii  of  Xitrilee  m  the  Arc. 
In  these  experiments  the  annular  vessel  was  made  use  of,  in  wltii^ 
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the  lamp  was  allowed  to  work  antomaticallj,  often  for  an  hour  or  two 
together.  A  continuous  stream  of  dry  air  was  kept  circulating  through 
the  interior,  being  afterwards  passed  through  a  series  of  wash  bottles 
containing  dilute  caustic  soda,  or  directly  through  strong  sulphuric 
acid,  to  absorb  the  oxides  of  nitrogen.  The  nitrous  acid  was  estimated 
in  the  former  case  bj  titration  with  permanganate  of  potash,  and  the 
total  combined  nitrogen  by  the  mercury  process. 

In  this  way  many  experiments  were  made  with  a  Siemens  lamp,  both 
with  a  long  and  short  arc ;  JablochkoflPs  candles  without  any  insulating 
material  were  also  employed  with  the  highest  intensity  current  of 
a  De  Meritens  machine,  in  order  to  have  the  gpreatest  variety  in  the 
character  of  the  discharge. 

The  stream  of  dry  air  was  forced  through  at  varying  degrees  of 
speed,  and  was  found  to  have  a  decided  effect  on  the  quantity  of 
nitrites  produced,  the  more  rapid  stream  giving  the  largCKt  yield  of 
nitrites. 

The  following  tables  give  the  quantity  produced  in  a  number  of 
different  experiments. 

The  nitrites  were  calculated  as  HNOg. 


1.  Siemens'  machine  and  lamp.     2.  Jablochkoff's  candles. 


■ 

Nitrates  produced  in  I  hour. 

1 
Do  Meritens*    , 

hiehest 

Siemens' 

1 

intensity       ! 

' 

Long  arc. 

Short  arc. 

current. 

Mgrms. 

Mgrms. 

Mgrms. 

Ist  experiment  . . 

• .      ^f 

193 

28 

769            i 

2Dd 

= 

804 

97 

723             1 

3rd 

s=s 

618                     78 

1.225 

ith 

= 

500           1         121 

548 

5th 

= 

622           1           90 

955 

6th 

— 

474          i          85 

1,006 

7th 

= 

380 

1,257            1 

8th 

— 

459           , 

964 

9th 

,  ,           =. 

•  • 

•  • 

664            1 

10th 

-= 

•  • 

•  • 

489 

11th        , 

= 

•  • 

•  • 

•  • 

693 

1 

= 

509  mean 

930  mean. 

In  these  experiments,  the  total  nitrogen  estimated  by  the  mercury 
process  was  almost  identically  the  same  as  the  amount  of  nitrogen 
4  obtained  by  a  very  careful  dilution  of  the  acid  in  a  large  quantity  of 
water  and  titration  with  permanganate,  proving  that  the  main  product 
was  nitrous  anhydride,  which  may  be  explained  by  the  fact  that  the 
quantity  of  oxygen  in  presence  of  nitrogen  in  the  immediate  neigh- 
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iKtnrhood  of  the  poles  is  greatly  diminished  by  the  combnstion  of  the 
carbouB,  or  that  the  nitric  peroxide  formed  is  eabseqnentlj  reduced 
by  contact  with  the  red  hot  carbon,  or  other  redacing  products. 


In  a  report  to  the  British  Association*  on  the  determination  of  bigb 
to rnpnratu res  in  the  yeai  18~),  it  was  experimentally  proved  that  the 
luw  of  DalonjT  and  Petit  conld  not  bo  nqod  for  the  estimation  of  high 
tenip4<ratures,  seeing  that  it  "  gives  a  far  too  rapid  increase  for  the 
total  radiiition."  It  wan  farther  observed  that  thi'  variation  of  the 
tlicnna-electric  carrcnt  strength  when  the  same  saWimce  radiates  at 
different  ti'mpemtares,  plotted  in  terms  of  the  tempcratare,  was   a 

•  Report  of  the  Committco  for  Dotomiining  llifjli  Tcmprralurca  by  mernn*  of  tb* 
RpfniDl^ibilily  of  tlis  Ligiht  crolred  bj  Fluid  or  Solid  Subalaimv.  Bredford,  1873- 
Png.'  Mil. 
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"  parabolic  carve."  AwmmiTig  the  genemt  accnnc^  of  tliis  law  for 
high  tempemtares,  the  total  radiation  may  be  taken  aa  nearly  propor- 
tional to  the  aqoare  of  the  temperature.  From  this  law  the  hypo- 
thetical  temperature  of  the  auii  was  "  estimated  as  at  least  11,000  C." 
Bosetti  has  recently  made  a  more  elaborate  inveatigation  on  the  aab- 
ject,  and  has  arrived  independently  at  a  formula  of  a  parabolic  order. 
Rosetti  *  represents  his  reaolts  by  the  eqnatioD 

/.=aT'(T-e)--i(T-tf), 

whero  ft  is  the  total  radiation  meaaored  by  thermo-electric  current, 
T°  the  absolnte  temperature  of  the  soarce,  0°  that  of  the  medinm 
sarronnding  the  pile,  and  a  and  b  constants.  However  well  thia 
formala  may  represent  the  complete  series  of  the  experiments, 
it  is  certain  that  his  resnlta  for  temperatures  above  150°  may  be 
expressed  within  the  limits  of  probable  error  as  proportional  to  the 
square  of  the  temperatare.  To  be  oonvinced  of  this,  it  is  sufficient  to 
plot  the  logarithm  of  the  respective  values  of  the  radiation  and  tem- 
pemtnre,  when  it  will  be  foond  the  results  arrange  themselves  in  a 
straight  line,  the  tangent  of  which  may  be  19  or  2  for  the  observa- 
tions above  150°.  Experiments  made  with  the  thermopile,  sarrounded 
with  an  annnlar  vessel,  through  which  a  continuous  cnrrent  of  water 
at  constant  temperature  is  caused  to  circulate,  as  represented  in  fig.  3, 
where  EF  represents  the  section  of  the  vessel,  and  CD  a  large  water 
screen,  on  the  same  plan,  each  having  a  narrow  opening,  about  half  an 
inch  in  diameter,  tbroogh  which  the  radiant  heat  passed  to  the  pile, 
have  confirmed  the  earlier  results.  The  vessel  fur  holding  the  mercary 
ur  other  substance  to  be  heated  to  different  t^trnperaturcs  has  a  radia- 
ting face,  which  was  mode  of  the  sheet  iron  nscd  in  the  construction  of 
telephone  plates,  and  the  thei*momoter  must  be  placed  close  to  the 
back  of  the  front  surface,  and  the  face  guarded  with  a  screen,  FG. 
The  tube,  CE,  is  connected  with  a  condenser,  when  substances  at  their 
boiling  point  are  employed  for  giving  fixed  points.  The  form  of  the 
apparatus  is  shown  in  tig.  4. 

This  arrangement  of  the  apparatus  is  necessary  in  order  to  get 
anything  like  comparable  results.  The  two  following  tables  give  the 
records  of  two  scries  of  experiments,  without  any  correction  being 
made  in  the  numbers  representing  the  deviations  of  the  Thomson 
galvanometer. 


Table  L 
DerutioD. 


38-5        

6-5 

52            

59-5        

66-5        

75-5        

6-6 
7-5 

7-0 

9-0 

117            

130-5        

13-5 
13-0 

172-5        

188            

Table  II. 

Ti'mperatui-L'.  DerLution. 

loo  21 

120        2y 

150  41 

lou       4t; 

180  57 

:iOO  71 

220  SG 

a55       aio 

448  370 

clilTi.>ii'r)Ci.'8   iu   the   galvanometer    readinga 
I  tin:  tirst  table  lie  tabulated,  it  will  be  ohaerved  the  ■ 
iiiEij-    Ik;    regarded    as  constant,   considwriiig   the   err 
in,   Ml   that  II  parabolic    fonuala  i    n   rupreecnt    the   i 
iiiuiit   acL-nracy.     These    second    differences   are   far  i 
lliaii   similar  numbers   deduced  fi     a  Roaetti's  observation 
iintv  eumjilcte  formula  in  t«rmH  of  the  absoliite  temperato] 
Ti^ivi'.  iMtnsidoring  the  the  ei        i  where  t 

\  as  :iriiii-at«ly  known.    'I'lio         Its  ot'.  li       ;end  to  M 

liiiis  »(  mercury  and  snlphar,      d  ' 

til  tile  simple  square  of  t«ratiaa  4 

tiuii  of  the  radiating       r  at 
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^reat  complications,  and  nntil  this  difficult  is  OTcrcome,  experiments 
at  h^her  temperatoree  mnst  remain  uncertain.  All  the  experiments 
show  that  for  an  approach  to  a  knowledge  of  tempenttarae  beyond 
the  range  of  oar  actual  thermometric  scale,  the  law  given  in  1873  is  a 
sofficicntlj  correct  reproduction  of  the  facts,  considering  the  limited 
data  %t  onr  disposal. 

The  intensi^  of  the  radiation  of  the  positive  polo  of  the  Siomens' 
arc,  as  compared  with  the  same  surface  heated  with  a  large  oxy- 
hydrogen  blowpipe,  was  determined  by  employing  a  hollow  negative 
carbon  which  allowed  the  intensely  heated  surface  to  radiat«  directly 
on  to  the  pile,  as  shown  in  fig.  3.  A  largo  number  of  observations  have 
been  made  by  this  method  at  different  times,  and  with  slight  modifica- 
tions in  the  order  of  the  experiments,  leading  to  the  average  result 
that  the  intensity  of  the  total  radiatiou  of  the  positive  pole  of  the 
Siemens'  arc  is  ten  times  that  of  the  same  substance  at  the  tempera- 
tare  of  the  oiyhydrogcn  flame.  If  we  take  an  average  reanlt  of  nine 
to  one,  then  we  may  infer  that  the  temperature  of  the  limiting  posi- 
tive pole  is  about  6,000°  C,  seeing  that  the  mean  tomperatare  of  the 
oxhydrogen  may  be  taken  as  2,000°  C.  The  mean  value  of  the  total 
ndiation  of  the  Siemens' arc  was  determined  by  observing  the  rate  of 
flow  of  the  water  through  the  annular  vessel,  represented  in  fig.  1, 
together  with  the  mean  increment  of  tcmperatnre.  This  gave  on  the 
average  34,000  gram-units  per  minat«,  or  a  little  more  than  three 
horse-power. 


IV.  "  On  the  Spectra  of  Magneeiuni  mid  Litliium."  By  (Jr.  D. 
LrvEiNQ,  M.A..  F.R.S.,  Profeseor  of  Chemuitry.  and  J, 
Dewar,  M^.,  F.R.S.,  Jacksonian  Prof(.'6S()r,  Univcmty  of 
Cambridge.     Received  January  8.  1880. 

Ill  a  former  communication  ("  Proc.  liny.  Soc"  vol.  xxvii,  p.  350) 
we  described  onr  observations  on  the  absorption  Kpcctmm  of  magne- 
Binm,  and  of  magnetiinm  with  potassium  and  sodiam,  aa  seen  in  iron 
tnbea  in  an  atmosphere  of  hydrogen.    These  absorptions  consisted  of — 

"  (1.)  Two  sharp  lines  in  the  green,  of  whicli  one,  which  is  broader 
than  the  other,  and  appears  to  broaden  as  the  temperature  increases, 
coincides  in  poaition  with  the  least  refran^itilo  of  the  h  group,  while 
the  other  is  loss  refrangible  and  has  a  wave-length  very  nearly  WH*. 
These  lines  are  the  first  and  the  last  to  be  seen  and  very  constant,  ami 
we  at  first  took  them  for  the  extreme  lines  of  tlic  b  f^i^up. 

"  f2.>  A  dark  line  in  the  hino.  always  more  or  less  broad,  difficult  to 


im  and  jjR 


fl4  Profs.  ] 

than  t!ic  t  gmap ' 

is  glinrpi;  defined,  and  hasai 
towania  (lie  Line. 

"These  absorptions  are  all  a  wben 

sodium  afo  uhciI  along  with  mo  i  id  may  be  fairly  aacritN 

masiiicsiiim,  or  to  magnesium  lo     t        wi  5  hydrogen, 

"  (4).  Wbi'u  ^odinm  and  m  m     'e  used  together,  a  darki 

ivitb  ill-doflnfil  edges  is  seen  m  the  groi  1,  with  a  ware-leni^b  1 

r,m«. 

"  (>">.)   Wbeti  potaBflium  and  magneSiam  arc  used  together,  a  pi 
<lark  liiK'R  iirc  ncen  in  the  red.    The  less  1    "raogible  of  these  Bom«tS 
liroinlciis  into  a  band  with  ill-detined  <     ^es,  and  has  a  mean  i 
k-ntrtli  of  about  ti5«0.     The  other  is  alwnv-a  a.  Sne  sharp  line  tt 
waw-lfnglb  nljout  6475- 

''  (0.)   On  one  occasion,  w!th  amiztnreof  pntassiuni  and  magnaal 
;inotbor  dark  line  was  seen  in  the  blue,  with  a  wave-length  i 
4K:io." 

We  llion  di'Hcribed  the  emission  speclrmu  Been  when  8pa[riE9 
taken  between  electrodctt  of  magnesium  with  a  small  indnoHMl 
without  a  Ijcvdcn  jar  as  consisting  of  lines  with  the  1 
H-Hl.  ■i-.W,  4.ii70,  4797,  4930,  4945,  4957,  4:^69,  4980,  4990,  500(1 
well-known  b  group,  and  6528. 

Ah  the  absorption  lines  above  described  correspond  to  no  kniHI 
niiissiou  lines  of  iriagnesium,  wo  could  only  ascribe  their  origin  to  tl 
riiixluri.'K  employed  as  distinct  from  the  separate  elements,  and  wem 
hrl  to  jnvcsliij.ite  the  conditions  under  which  corresponding  em 
linrs  could  be  produced. 

Sfioi'lly  aft.>rw-ards  ("  Proc.  Roy.  Soc."  vol.  xrvii,  p.  494)  x 
s<rilied  flio  eniiHfiion  Hpectnim  of  sparks  from  un  induction  coil  tl 
between  n);n;nesiiim  points  in  an  atmosphere  of  hydrogen,  as  follows:- 
'■  .\  lirii;ht.  line  regularly  appeared  with  a  wave-length  al)oat  521 
Thin  iiuc  does  not  usually  extend  across  the  whole  i 
between  (he  i-li'ctrodes,  and  is  sometimes  seen  only  at  the 
electrode,  lis  presence  seems  to  depend  on  the  temperature,  as  it  ill 
.-cell  continuously  when  a  large  Leyden  jar  is  employed,  until  the  j 
MU-e  "i  tlie  hydrogen,  audits  resistance,  is  very  much  reduced.  Win 
will-ilrieil  nUco;;en  or  carbonic  oxide  is  substitnted  for  hydrogen,  th 
line  iliiJ:i|ipe;iM  entirely;  but  if  any  hydrogen  or  traces  of  moisto 
be  present,  it  comes  out  when  the  pressure  is  much  reduced.  In  nu 
cases  the  liyilroi,i>n  lines  C  and  P  are  always  visible  as  well.  Som 
limes  several  line  lines  appear  on  the  more  ref  o  of  this  Ui 

between  it  and   the  h  group,  which  give  it  e  of  being 

narrow  liiirid  ,sli,ailed  on  that  si      "     "Id  atl<  above-me 

lionr'd   line,   we  <d>sorved  that  tl      9  aeries  of  fij 

line.s.  commencing  close  to  ^R*'°i^a| 


I  we  in 
emj«a 

'Oil  tofl 
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estending,  with  gradn^y  diminiaUng  intensity,  to wiirds  the  bine  .  . 
.  .  .  from  forly-fiTe  to  fiftf  being  visible,  and  placed  at  nearly  eqnal 
distanceB  from  each  other." 

These  observations,  though  very  briefly  described,  vere  the  result  of 
mnch  labour  and  many  ozperimenta.  Mr.  Lockjer,  in  a  recent  com- 
mnntcation  to  the  Society,  has  made  this  particular  emission  spectmrn 
the  basis  of  a  theory  of  his  own,  which  we  regard  as  being  without 
any  foundation  in  fact;  and  as  he  makes  no  allusion  whatever  to  our 
observationH,  altfaongh  the  abstract  of  onr  paper  appeared  in  varionB 
scientific  jonrnala,*  or  to  the  grounds  on  which  we  have  ascribed  the 
spcctram  to  a  mixture  of  magnesinm  with  hydrogen,  we  give  now  some 
farther  details  of  onr  former  experiments,  as  well  as  the  observatdonB 
which  we  have  made  since. 

I.  OhtervatioJU    on    the  Spark  b^ween  Magnetium  Points  t«  Nitrogen 
mid  Carbonic  Oxide  al  Varioue  Pretttirei. 

The  pointa  were  pieces  of  magnesium  wire.  Bound  one  end  of 
eacb  a  platinum  wire  was  tightly  coiled  and  fused  into  the  side  of  a 
glass  tnbe.  This  tnbe  was  attached  by  fusion  at  one  end  to  another 
tube  filled  with  phosphoric  anhydride,  which  in  turn  was  connected 
with  a  Sprengel  pump.  The  other  end  of  the  tube  was  connected 
by  a  thick  rubber  tube,  capable  of  being  closed  by  a  plnchcock,  with 
a  gas  holder  containing  nitrogen  over  strong  sulphuric  acid.  The 
tnbe,  having  been  exhausted  and  filled  with  nitrogen  two  or  three 
times,  it  was  found  that  no  line  at  5210  was  visible  in  the  spark. 
The  tube  was  now  gradually  exhausted,  and  the  npark  watched  as 
the  exhaustion  proceeded.  No  line  at  5210  was  seen,  although  the 
exhaustion  was  carried  nearly  as  far  as  the  pump  would  carry  it ;  nor 
was  any  hydrogen  line  (C  or  F)  visible,  either  with  or  without  the 
nse  of  a  jar.  The  rommnnication  with  the  gas  holder  was  now 
opened,  and  the  tube  refilled  with  nitrogen  at  the  atmospheric 
pressure,  a  communication  was  then  made  with  another  vessel  con- 
taining hydrogen,  which  was  allowed  to  diffuse  into  the  tube  for  a 
very  short  time.  On  now  passing  the  spark,  the  line  at  5210  at  once 
appeared,  although  the  quantity  of  hydrogen  difiascd  into  the  nitrogen 
most  have  been  vi-rj  small.  The  ezpcriment«  with  nitrogen  at 
reduced  pressure  were  repeated  several  times,  with  the  same  result. 
It  was  found  necessary  to  have  the  phosphoric  anhydride,  as  without 
it  traces  of  moisture  were  left  or  found  their  way  through  the  pump 
into  the  tube,  and  then,  when  the  exhaustion  was  carried  far  enough, 
both  the  line  at  5210  and  the  hydrogen  lines,  C  and  F,  made  their 
appearance.     Wc  have  never,  however,  been  able  to  det«ct  the  line 


samu  timu  or  by  i      ely  ■ 
jar. 

Expi-rimi'nt.s  made  in  the  i 

Ditn>gL'n  lud  to  preciBelj  sim 

2.  Oli'eraali'iiis  on  the  Spark  between  M'l 
reduced  Pr-'ns: 
A  tube,  Kimilar  to  those  employed  \  iiicrogeD  and  carboiiiD  o 
wus  atlaclied  at  one  end  to  a  Sprengel  j)uii  p  and  mercury  gauge,  k 
till-  otliiT  ki  ini  apparatus  for  generatiiiL,'  hydrogen.  Dry  hydrogen  wi 
pa.sKcd  tliroii^'lj  lor  some  time,  and  tliu  connexion  with  the  kydrooe 
fipjiariilus  closed.  On  sparking  with  tlic  lijiirogen  at  the  atmosplHit! 
pn's,siirc,  tliL'Huc  at521(Jand  its  attendimt.  sorius  were  visible,  aad  WIS 
Klill  visibluivhfn  a  small  Leydenjarwns  used  with  the  induction  ot«l5 
disapiR'iircd  almost  entirely  when  a  lari,'p  Leyder 
the  prisiniire  ol'  the  hydrogen  waa  reduced  to  half  lui  atmoBphei!W,3 
lino  at  i'lili)  WHS  seen  faintly  when  a  hn-gc  Leydcn  jar  w 
not  the  strict  of  fine  lines.  When  (lip  proRsure  was 
1>^||  nulUrii!;,,  the  BCries  of  fine  lines  began  to  show  when  the  lai 
was  iiM-d.  l!y  still  further  reducing  the  pressure  the  whole  aeriM^ 
|iermiiiieiitly  visible  when  the  hirge  jiir  was  used;  hat  vrlieajj 
I'shauslion  was  carried  still  further  (hey  grew  fainter,  and  i 
appciiroil.  On  ;,'radaally  readmitting  hydrogen,  the  same  pht 
rccuri-cd  in  llic  reverse  order. 

'■'■■   O^'itrialioHs  on  the  Are  will  Mi!ijiw>^!um  and  Hydrogen. 

TIjc  linr  Lil  ."jiilO  is  not  Been  in  the  arc  in  a  lime  or  earbon  „ 

when  iii:iL'-r\csi\ini  is  dropped  in  without  1  lio  introduction  of  hyi 


stream  of  hydrr  'u  or  of  coal  gas  be  Jl_ 
[icrforation  in  one  of  the  electrodes,  tho  hue  at  52l4L 
in:ikes  its  appearance,  and,  by  varying  tho  current,  itS 
iij  iippcar  either  bright  or  reversed.  However  f 
■  livdrogcn  be  made,  the  lino  can  he  detected  as  lo-^  _^ 
il  ilir-  supply  of  magnesium  continues,  and  disappears  i 
liMi  tliu  current  ceases. 

.,   Ol-'Tvationi  on  the  Flam-:  of   turning  Magnesium. 

r  at   .VJIO  may  often  be  si        in  the  flame  of  magneaina 

I  ail',  but  both  it  and  the        les  of  fine  lines  which  accoin 
.1111-    out  with  grei         incn  u        «  if  the  burninj 

II  he  held  in  a  jet  of  h;      -  ot                           wtuam. 
ciiiiiciits  above  descri  rbonic  oxfil| 
I  ]>ii'ssure8,  are  aim        if  t                                 against  (g 
1  that  the  line  at  5210  is  t  ifer  tempflS 
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tare  of  tlie  spark  in  hydrogen.  Fi-om  De  La  Bne  and  Mailer's  obser* 
rations  it  wonld  appear  Uiat  nitrogen  at  a  presaare  of  400  millims. 
should  produce  mnch  the  same  effect  on  the  sparlc  aa  hydrogen  at 
760  millims.  Now  the  presaares  of  the  nitrogen  and  carbonic  oxide 
were  redaced  far  below  this  witbont  any  trace  of  the  lioo  in  question 
being  visible.  Moreover,  the  maguesinm  line  at  4481,  which  is  not 
seen  in  the  arc,  and  may  be  reasonably  ascribed  to  the  higher  tem- 
peratarc  of  the  spark,  may  be  Been  in  the  spark  at  the  same  time 
as  the  line  at  5210  when  hydrogen  is  present.  NeTcrthelesB  tem- 
perature does  seem  to  affect  the  result  in  some  degree,  for  when  a 
large  Loyden  jar  is  used,  and  the  gas  is  at  the  atmospheric  pressure, 
the  line  almost  disappears  from  the  spark,  to  re-appear  when  the 
pressure  is  reduced ;  but  by  no  variation  of  temperature  have  wv 
been  able  to  see  the  lino  when  hydrogen  was  carefully  excluded. 

A  line  of  the  same  wave-length  has  been  seen  by  Young  in  the 
.  chromosphere  once.  Its  absence  from  the  Fraunhofcr  linos  leads  to 
the  inference  that  tho  temperature  of  the  sun  is  too  high  (unless  at 
special  times  and  places)  fur  its  prodaction.  If  it  be  not  due  to  » 
compound  of  magnesium  with  hydrogen,  at  any  rate  it  occurs  with 
special  facility  in  the  presence  of  hydrogen,  and  oaght  to  occur  in  the 
sun  if  the  tempemture  were  not  too  high. 

We  have  been  carcfal  to  ascribe  this  line  and  its  attendant  series 
to  a  mixtore  of  magnesium  and  hydrogen  rather  than  to  a  chemical 
compound,  because  this  expresses  the  facts,  and  we  have  not  yet 
obtained  any  independent  evidence  of  tho  existence  of  any  chemical 
compound  of  those  elements.  Wo  have  independent  evidence  that 
mixtures  which  arc  not  j)robably  chemical  compounds  favour  the  pro- 
daction of  certain  vibrations  which  arc  not  so  strong  or  are  not  seen 
at  all  when  the  elements  of  those  mixtures  are  taken  separately.  The 
remarkable  absorptions  produced  by  mixtures  of  magnesium  with 
potassium  and  sodium  above-mentioned  belong  to  this  class.  We  hare 
not  been  able  to  obtain  tlio  emission  speutra  corrcsponiling  to  these 
absorptions,  but  in  tho  coarse  of  our  observations  on  the  arc  we  have 
frequently  noticed  that  certain  lines  of  metikis  present  in  tlie  crucible 
arc  only  seen  or  coiac  out  with  especial  brilliance  when  some  other 
metal  is  introduced.  This  is  the  case  wiili  some  groups  of  calcium 
linos  which  are  not  seen,  or  barely  visible,  in  tlie  arc  in  a  lime 
crucible,  and  come  out  with  great  brilliaiicc  on  the  intruduclion  of  a 
fr^fment  of  iron,  bat  are  not  developed  by  other  metals  such  as  tin. 

The  spectrum  of  magnesium,  as  seen  in  the  arc,  contains  sevcml 
lines  besides  those  heretofore  dcscrilied.  These  lines  come  out 
brightly,  generally  considerably  cxpitnde<l,  when  a  fragment  of  luug- 
nenom  is  dropped  into  the  crueiblo  through  which  the  arc  is  passing, 


ProfB.  ^^^1 

(1.)  A  line  in  the       eei  .     Thia  lii 

U  soon  not  only  in  t  :  but  i         w  ion  from 

solution  of  man'°<''''°Di  chloride.     It  is  a latter  qu 

bttt  is  aceu  in  carefully  purified  i  of  the  chlorrde,  so  thafea 

li.'ive  no  doubt  tliivt  it  belongs  to  nii      i'        n.  I 

(2.)  A  lino,  wnve-Iength  43512,  '  '  jse  to  a  cbromiura  line.  ] 
is  easily  distingaished  from  the  latter  by  its  expansion  when  fr« 
magnesium  is  introduced,  while  the  omium  lines  ahow  no  exp«i 
sion ;  it  is  moreover  slightly  more  ref  <)  ble  than  the  chrominni  tin 
and  as  it  dies  cnit  it  is  sharply  (  d      i  the  less  refrangible  sid 

diffuse  on  the  other  side.     This  Hue  freq  ently  appears  to  bo  ■ooap 
panifd  liy  another  weaker  line  at  wave-length  4355,  but  we  hare  a 
been  ablu  to  asKiiro  ourselves  that  the  tatter  is  due  to  magnesinai  a 
It  is  certainly  developed  when  magnesium  is  introduced,  and  ■ 
not  kiiow  of  any  other  element  to  which  it  can  he  iiscribed ; 
behaves  very  much  as  some  lines  of  other  elements,  e.tj.,  the  violet  t 
of  lithium   mentioned   below,  coming   out   brightly  when  mof 
is  freshly  put  in,  and  then  nearly  dying  away. 

(3.)  A  violet  line,  wave-length  4166,  identical  in  position  n 
sharp  edge  of  one  of  the  so-called  carbon  bands  in  that  region. 

(4.)  Another  violet  line,  wave-length  4057-;},  easily  reoogoiae 
its  position  between  two  strong  iron  lines. 

These  la.st  three  lines  arc  conspicuous  in  Capron's  photo_ 
magnc'sinni  in  are.  The  last  (4)  may  be  seen  in  the  epark  b 
miignesinm  points,  and  was  formerly  mistaken  hy  iis  for 
liiH'  ^-hieh  is  iie:,i-  it.  The  lines  (3)  and  (4)  are  so  nearly  identic 
in  po.-ii  ion  willi  f  wo  well-known  linos  of  lead,  that  a  suspicion  natnral) 
arises  tii.'it  tliey  may  be  duo  to  the  presence  of  that  metal.  We  c« 
never  lie  sure  liiat  the  carbons  or  even  the  limestone  crucibles  S 
have  used  niiiy  not  contain  traces  of  lead  ;  bat  if  that  he  so,  and  ^bj 
lini'S  iiiv  the  i-onseijuence,  it  is  certain  that  these  two  liaW'4 
slreiiL'llienefl  in  an  extraordinary  degree  by  the  presence  of  id 
I1ISHL11!,  while  llie  other  lines  of  lead  are  not  Been  at  all.  Fhotogfvifl 
•  •!  Ihr  ;in-  hikr^n  when  a  fragment  of  magnesium  ifi  introduced  B^l 
tli,-L  lliie>  >ii«iLt:ly,  while  no  trace  is  discernible  of  other  lead  1^0 
Vi(i'.-J.  4-JM;,  or  -VMii.  Until  we  get  some  other  evidence  of  the  pn 
.seiiei'  111'  le;id,  we  must  ascribe  these  lines  to  magnesium. 

'I'liiTi'  ace  lines  in  the  "normal  solar  spectrnm  "  corresponding  1 
:,!)  ihi'M-  lilies  e.\cept  that  at  4166.  That  at  5710-7  is  ascribed  to  irn 
hy  .\ng-lr..iii,  hut  neither  Thalcn,  Kirchholl,  Haggins,  nor  Boi 
kuulraii  '.'ive  any  iron  lino  at  this  place;  and  "i  '  e  not  sucoeede 
ill  s<-ein'.' :iny  siieh   iron   line,  but  there  ie   Bn  ■     ry  nearly  i 

iliiil  iiiisilion.     Kuthorford's  photograph  of  .iruui  show 

a  line  very  nearly  at  416C. 

Tliis  makes  the  spectrnm  of  magnesinm  in  sut  of  jhtA 
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*t  5510-7,  5527-5,  th» 6  gioap,  47035,  4570-5.  4351-2,  4166,  4057-3, 
and  the  triplet  beyond  H. 

On  the  Speclnun  of  Lithium. 

In  the  spectram  of  lithinm  we  have  not  heretofore  been  &ble  to 
obtain  the  w&ve-lengtb  of  the  violet  lino  (at  about  4130,  Boisbaadrtin) 
by  reason  of  ita  very  diffoae  character,  but  we  have  recently  fonsd 
that  by  a  alight  modification  of  our  apparatna  we  conld  obtain  this 
line  more  sharply  defined  and  even  reversed.  This  modification  con* 
aists  in  making  the  opening  in  the  lime  small,  5  or  6  millims.  in 
diameter,  nsing  small  carbons  aa  electrodes,  aad  the  carront  from  a 
De  Ueritons  machine.  The  line  can  then  be  seen  close  to  but  on  the 
leas  refrangible  side  of  the  barium  liue  iu  that  region.  We  make  ita 
wave-length  41317. 

Besides  this  line  we  find  that  lithium  gives  another  line  in  the  arc 
ftt  4273.  This  line  comes  oat  conspicuously  nearly  midway  between 
one  of  the  brightest  chromium  lines  and  an  iron  line  when  a  fr^mont 
of  lithinm  is  dropped  into  the  crucible.  The  same  line  may  also  be 
detected  in  the  spark  taken  between  points  of  fused  lithinm  carbonate  ; 
and  as  a  sample  of  the  carbonate  very  carefully  purified  shows  this 
line,  we  have  no  donbt  that  it  realty  belongs  to  lithinm. 

Both  these  lines  are  remarkably  strengthened  when  a  fragment  of 
magnesium  is  dropped  into  the  crucible. 

On  taking  a  photograph  of  the  arc  when  a  fragment  of  lithium  is 
introduced,  two  more  lines  come  out  on  cither  aide  of  H  and  K.  These 
are  generally  diffuse,  and  barely  discernible  by  the  eye  in  tlio  arc  when 
glass  priama  arc  ased,  bat  easily  aeon  with  a  calcito  prism  and  quartz 
lenses.  In  the  powerful  arc  of  a  Siemens  machine  they  are  enormously 
expanded  and  reversed.  From  measuremeats  of  the  photographs  the 
wave-lengths  appear  to  be  3913  and  3084.  A  yet  more  refrangible 
diffuse  line  appeura  in  tlie  photographs  at  abont  3799- 

The  lithium  liucR  form  a  progrcHsion  not  unlike  that  of  the  sodinm 
lines,  the  alternate  lines  at  4(J03,  4131-5,  3913  arc  much  more  diffuse 
than  the  lines  at  4972,  4273,  and  3984,  and  approach  nearer  together 
as  they  become  more  refrangible.  There  is  probably  another  narrow 
line  at  about  ;J83S,  amongst  the  magnesium  triplet,  which  wo  have  not 
yet  made  out  with  certainty,  and  we  may  expect  to  find  fainter  lines 
still  more  refrangible,  but  as  our  photographs  liavo  been  taken  with  a 
train  of  glass  prisms  they  do  not  show  out. 

There  is  a  line  in  the  "  normal  solar  spcctmm  "  corresponding  to 
the  line  at  4273. 

While  the  ratios  of  the  wave-lengtlia  of  the  red,  orange,  and  green 
lines  of  lithium  are  nearly  ,'^  :  ,V  '•  t'r,  those  of  the  green  and  bine 
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THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  "  On  certain  Definite  Integrals."     No.  6.     By  W.  H.  L. 
Russell,  F.R.S.     Received  November  15,  1879. 

Continuing  the  methods  of  the  last  paper,  we  obtain  the  following* 
results : — 

(101.)   I        yj— ^  (fa!=»r(AoHV+V+  •  •  ) 

where  A^,  Ai,  Ag  are  the  coefficients  of  expansion  of 

Similarly  we  may  find 


(103 


■^fc 


c^^^dO 


2a  cos  ^+0^ 
l-«sl       22     12.22    2*     12.22.32    2«      ■■■  / 

,  2«r  ri      i_    i.__i 1  .        1 

1-«212     12.2    ^s     12.22.3    2'        "  i 

+  2^|_L   1+   J_   1+ L__+      \ 

l-«2ll.2    22     12.2.3  '2*     12.22.3.4  / 
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l-«2\     ■^22"*"  12.22      2*       12,22.32      ^O         ■  ■■  /' 
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(104.)    ['cob 008 Aj«=  1*008 am 0(10 

_    /.I         1         1_       1  Jl^  1 

'I     2>  .i'.2»'2'    I'.a'.s'a'         /■ 
(105.)  ('."•de=  ['•'••de 

I       2'     1«.2"    2'     I'.^.S"    2"  / 

In  the  samo  maimer  we  ma;  find 


(106. 


■'l:(u 


<107)  J  coBrf£ft?v'a  +  tcoa0+eco8«e+eooe'e 

=t(A^+A,A,+,+A,A,+^+  .  .  .  ) 
when  Jk^  A],  A^  .  .  .  are  the  coefficients  of  expansion  of 

p,  q,  r,  t  being  detennined  by  the  equations 

2pr+2q,=^  2jw=l. 

We  are  able  of  coarse  to  deduce 
(108.)    rdficoB'flv'Ca+ficoBO+ccoB-e+ecos'fl), 
and  Bimilarlj  the  more  general  integrals 
(103.)    y  d0coa'0^ia+bcoe0+ecoa-e+  ...ecoe'0), 
and  also 

(110.)    ['decoa'0'^ia+b<xeO+ecoa'e+  .  .  .  +ccob-«). 
Since  the  following  integral  is  known : — 
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f"  g^t^sinT^Jj  +  f ■  ;i! 


Jo  (1-2,0 


(l-2,co8i+/.«)(e"-«-") 
1     f     _1 


mi  continuing'  the  process 


cm. I  ,,(,,)=,. -jl 


1 


^1   ? 


In  iiki'  manner  we  obtain 

(11=0 

In  a  KLUiiliir  wiiy  also  wo  may  find  the  values  of 
(11::.) 


,;.«.-..i„(ym.)^i_,_i_j    1  £_i  ,  1 

,«_,-..  i        2         2         2  • 


rf* 


(1- 


.(..in,,-) 


Let  u^  now  vptum  for  u  moment  to  tbe  equationa 

;,-  +  -j2+r2  +  ^  =  a,  2pq  +  2qT  +  2rS!=fi. 

2pr+2qs=i.  %ja=6. 

Thfu  :<  +  /i  +  7  +  rgirea  uh 
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hence  we  obbun  at  oncep+r,  and  q+i,  which  will  render  the  solntion 
of  the  equations  eafly,  at  all  erents,  in  all  poBsible  cases. 

I  would  moreover  remark  that  the  validity  of  the  process  depends 
on  ^(p  +  gas+rz'  +  M^)  expanding  in  a  converging  series,  so  that  the 
method  of  ovaluatioa  here,  a  of  coarse  in  (109J,  (110),  depends  on 
certain  conditions,  to  which  the  constants  in  the  initials  mnst  be 
snbject. 


II.  "  On  certain  Definite  Integi-alfl."     No.  7.     By  W.  H.  L. 
Russell,  F.R.S.     Received  January  6,  1880. 

By  a  development  of  the  methods  indicated  in  the  former  papers 
we  obtain  the  following  integrals: — 


-,,,,     flj^    COS'gC0s(w— 2)g  +  a0O8'*'gcoB(»— 3; 

^       ■■'Jo       '  ■in«0+(l+«)»cos*e 


2-l«+2     (-+2)SJ" 


<«cos»fl€*'«*«cos(a!Bin20)=^CK  +  2)^. 


(116.)  (' 

n^',^  flja<x«'gcoe(»-2)^+'''''°'''"^'^"'"<"-^)^ 
<"'■>  J^** l  +  2.*cos^ycos3y+»''co8«tf 

~2^4;?+8"(<.3+S)»J* 
(118.)  j"'decOB«e.-™"*™»cos(»coB»0sin3fl)=g(2  +  |;!).V 

...    |jcOB^gC08;^  +  aC0S>-*'gcOB(;.-l)fl,j^_»-      1 

'^     '^■■'J  sinS<'+(«+l)^co8-0  2^. +2' 

MOft  ^   llj^C0S"gC0B^  +  (»  +  e)cOB^**C06(/.-l)g  +  .^CO8>-+lgCOS(;i-2)g 

*""■■'  J^  (sin*fl+(-+l)*co8^fl)(Bin3C+(/H-l)*«w^(' 


2m-1(»  +  2)(/J+2)" 
This  int^^ral  may  be  written 

5^  co8"flco8;«g+pcoB^*'gcos(^— l)g+gcotf-*'flcos(f«— 2)g 
"Bin«0+(2>»  +  2j»— 22+2)sin*Pco8^<'+<p+3+l)*cos*ff 


(121.)  |» 
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(123,)  {■■lOv. 


^,/.  COB  fl(;J+cog  tang)-)        eamtanfl_         


(1-^,:,.)     .100 
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(1_«^)(,_,J)\1_.S        1_ 

2;.j  ll.iLCL-  «-i-  see  the  valups  of 

J.,(l-^«oos(J+»a)(l-2^coHe+y3S)' 
By  !i  siruiliLi-  nnjlliod  we  may  find 


■^'^■■' Jn(l-^"<'^*C+»^)(l-:i/3cosfl+|3^)...(l-2^co8fl+^«)" 
(lOM  )  r         '/tf.F^in(gr  +  ])fl        _  TT      t(:»^\)/;»-\Y 

(i;i„,)  f"^^-':^sin(,.iu2g+g)^^^^.a.-X)^.._^ 

J(j(\^t!iis^y+/i=  single)  .aiufl     X^"  XV 

(i:il.)  We  iiiny  also  find 

.MBiii(gr+l)fl 


wlifii  (,■)  iH  ci-i'ti,  with  a  similar  eipreBsion  when  (r)  is  odd.     I  e 
ii"w  lio|n.'  Ill  iirnTP  that  every  fnnction  of  '     i  nagnitni 

Tiii'd  UH  n,  centre,  from  which  b;  ■  integi 


I'lnaniitf  in  nil  liirectionB,  like  rajB  from  a         ,  in  i       ,nnor,  thai 

tlio  vnliie  uf  eadi  integral  is  cqaivalent       the  tion  trajisi 

formed  by  n  known  symbol. 
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III.  *'  Ou  the  Construction  of  a  Glycerine  Barometer."  B7 
James  B.  .Jordan.  Communicated  by  Professor  Stokes, 
Sec.  R.S.     Received  January  8,  1880. 

Various  attempts  have  been  made  from  time  to  time  to  constraet 
barometers  with  fluids  of  lowei*  density  than  mercury,  with  the  view 
of  increasing  the  range  of  movement  of  the  column  by  the  direct 
action  of  the  atmosphere,  thereby  renderiug  the  variations  of  pressure 
more  easily  visible,  without  the  intervention  of  mechanical  appliances. 
I  hiive  been  induced  to  give  the  subject  attention  in  the  belief  that  if 
prc'ciao  instruments  of  this  class  could  be  made  they  wonld  prove  of 
scientific  value  in  showing  the  character  of  the  more  minnte  vibrations 
of  atmospheric  pressure,  and  of  practical  use  at  storm  stations, 
collieries,  and  other  situations  where  it  is  of  importance  for  the  un- 
practised eye  to  notice  frequently  the  movements  of  the  column  with- 
out the  careful  observation  necessary  in  the  reading  of  an  ordinary 
mercurial  barometer. 

Water  is  apparently  the  most  convenient  liquid  tor  a  long  ran^e 
barometric  column,  and  many  wat«r  barometers  have  been  constructed, 
notably  that  made  for  the  Royal  Society  in  1830,  by  Professor  Daniell. 
A  water  column  is,  however,  of  little  nne  for  indicating  variations  of 
pressnre,  owing  to  the  effect  of  changes  of  temperature  on  the  water 
vapour  cxiRling  in  the  Torricellian  vacuum,  which  often  masks  the 
tfffcts  which  would  otherwise  be  produced  by  changes  of  pressure. 
Having  succcsafally  constructed  neveral  water  barometers,  and  finding 
this  conflicting  action  cansed  by  variations  of  temperature  so  detri- 
mental to  their  value,  I  was  induced  to  experiment  with  other  liquids, 
and  among  those  tried  pure  glycerine  appeared  to  me  to  answer  the 
pnrpose  best.  Glycerine  from  its  high  boiling  point  has  a  very  low 
tension  of  vapour  at  the  ordinary  temperatures  of  the  atmosphere ; 
the  length  of  the  column  is  therefore  only  altered  from  changes  of 
temperature  by  expansion  and  contraction  of  .the  liquid  itself,  and 
that  in  a  very  small  degree,  the  mean  coefficient  of  absoiate  cxpFLnsion 
between  O'  and  100^  C.  being  -0005455.  The  specific  gravity  of  the 
purest  glycerine  as  manufactured  by  Messrs.  Price  and  Co,  is  1*26,  or 
less  than  oue-tenth  that  of  mercury  ;  the  mean  height  of  the  column 
is  27  feet  at  sea  level,  and  a  variation  of  a  tenth  of  an  inch  in  tho 
height  of  the  mercurial  column  is  shown  by  a  change  of  more  than 
an  inch  in  the  glycerine ;  the  boiling  point  is  440°  F.,  and  a  very  low 
temperature  is  required  to  solidify  it.  As  glycerine  absiirba  moisture 
freely  if  exposed  to  the  atmosphere,  the  action  is  pruviiitcd  by 
covering  the  surface  of  the  liquid  in  the  cistern  with  a  shiillow  layer 
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and  on  their  reoommendation  a  grant  of  £30  was  made  hy  the  Trea- 
sary  for  the  porpoee.  This  aam  baa  been  expended  in  the  conBtmc- 
tion  of  an  experimcotal  barometer  of  this  nature,  which  has  been 
erected  at  Kew  Observatory  by  the  permifision  of  the  Eew  Committee, 
who  have  also  sanctioned  the  taking  of  a  series  of  observations  to 
extend  over  a  period  of  twelve  moaths. 

The  tube  forming  the  body  of  the  iostroment  is  an  ordinary  com- 
position metal  gas- pipe,  jths  of  an  inch  internal  diamet«r,  and  furnished 
at  tho  top  with  a  gnu-metal  socket,  into  which  is  cemented  a  glasa 
tube,  4  feet  long,  and  having  an  inside  diameter  of  one  inch  ;  the  upper 
end  is  formed  in  the  shape  of  an  open  cup  and  fitt«d  at  its  neck  with 
an  india-rubber  stopper.  In  this  tube  the  floctuations  of  tho  posi- 
tion of  the  top  of  tho  column  are  obaeryod,  and  the  height  read  oft 
on  brass  scales  placed  on  either  side  of  the  tube  and  fitted  with 
indices  and  verniers,  which  are  moved  by  means  of  milled  heads 
placed  at  the  bottom  of  the  scales  as  shown  in  the  drawing  at  AA.  The 
scale  on  the  right  hand  side  is  divided  into  inches  and  tenths  of 
absolute  measure,  numbering  from  tho  level  of  the  liquid  in  the 
cistern,  while  that  on  the  left  shows  equivalent  values  reduced  to  a 
column  of  mercury  and  divided  info  tenths  and  hundredths,  each 
hundredth  being  equal  to  about  one-tenth  of  an  actual  inch.  The 
whole  of  the  top  fittings,  or  observing  portion  of  the  barometer,  is 
attached  to  a  conveniently  constructed  back,  made  of  oak  and  fixed 
to  the  wait  of  an  upper  room  in  the  observatory  building,  the  main 
tabe  being  carried  down  in  a  direct  line  through  the  entrance  halt 
into  the  lArograph  room,  a  distance  of  27  feet.  This  distance  was 
accurately  determined  by  means  of  a  tape  measure,  the  error  of  which 
waa  foQud  by  close  comparisons  with  the  standard  yard  preserved  at 
the  Observatory.  A  saitable  bracket  is  here  fixed,  on  the  nortli  wall, 
on  which  is  placed  the  barometer  cistern. 

The  cistern  is  a  cylindrical  vessel  of  copper  tinned  inside,  5  inches 
deep  and  10  inches  diameter ;  it  is  fitted  with  a  screwed  cover,  as 
shown  at  B  in  the  drawing,  the  air  having  access  only  through  a 
small  hole  in  the  cap  C  attached  to  the  cover,  which  has  a  recess 
in  it  to  hold  cotton  wool  for  filtering  out  dust.  The  main  tulie  is 
connected  with  the  cistern  by  attachment  (with  a  soldered  joint)  to 
ft  projecting  piece  of  tube  D,  which  enters  tho  cistern  through  the 
bottom  and  is  fitted  at  its  opening  with  a  screwed  ping  E. 

The  operation  of  filling  the  baromot«;r  was  performed  in  the  follow- 
ing way  : — The  quantity  of  glycerine  (coloured  red  by  aniline)  having 
been  previonaly  determined,  it  waa  heated  to  a  temperature  of  100"  F., 
to  render  it  more  limpid,  thereby  enabling  the  contained  air  to  dis- 
murase  itself  more  freely;  the  whole  anantitv.  about  three-fourths  of  a 
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air  was  exhausted  and  the  liquid  forced  np  the  tube  by  the  pressure  of 
the  atmosphere,  to  a  height  of  323*571  inches,  being  equivalent  to  30 
inches  of  mercury,  the  Kew  standard  at  the  time  reading  30*3  inches. 
The  plug  in  the  cistern  was  now  screwed  in  its  place,  to  support  the 
column,  while  the  air  was  admitted  at  the  top  and  the  air-pump  con- 
nexions  removed ;  a  sufficient  quantity  of  glycerine  to  fill  the  tube 
was  then  poured  in  and  the  india-rubber  stopper  inserted.  The  screw 
plug  being  removed  for  a  few  seconds  to  allow  the  column  to  fall  an 
inch  or  two  and  then  replaced,  the  instrument  was  allowed  to  remain 
until  the  liquid  in  it  was  completely  exhausted  of  its  air,  which  rose 
slowly  to  the  surface  into  the  Torricellian  vacuum  above :  then  the 
india-rubber  stopper  was  again  withdrawn  and  the  tube  finally  filled 
up  with  glycerine,  which  had  been  previously  exhausted  of  air  under 
the  air-pump  receiver :  the  stopper  was  now  replaced  and  the  cistern 
plug  finally  removed,  when  the  column  gradually  fell  until  balanced 
by  the  pressure  of  the  atmosphere,  leaving  a  small  quantity  of 
glycerine  in  the  cup  above  the  stopper,  a  plate  glass  cover  being 
placed  on  the  top  to  keep  out  dust.  The  barometer  was  now  complete 
and  it  has  since  continued  in  operation.  Whether  it  is  to  be  of  any 
scientific  or  practical  value  will  be  proved  by  the  observations  which 
are  now  being  regularly  taken  under  the  superintendence  of  Mr.  Whip- 
ple, the  Superintendent  of  the  Kew  Observatory,  to  whom  I  am  under 
many  obligations  for  his  kind  and  courteous  assistance  during  the 
progress  of  the  work.  When  the  observations  are  completed  I  shall 
ask  the  honour  of  submitting  them  to  the  Royal  Society. 


IV.  "  On  a  Possible  Mode  of  Detecting  a  Motion  of  the  Solar 
System  through  the  Liuniniferous  Ether."  By  the  late  Pro- 
fessor J.  Clerk  Maxwell,  F.R.S.  In  a  Letter  to  Mr.  D.  ?• 
Todd,  of  the  Nautical  Almanac  Office,  Washington,  U.S. 
Communicated  by  Professor  Stokes,  Sec.  R.S.  Received 
January  7,  1880. 

Mr.  Todd  has  been  so  good  as  to  communicate  to  me  a  copy  of  the 
subjoined  letter,  and  has  kindly  permitted  me  to  make  any  use  of  it. 

As  the  notice  referred  to  by  Maxwell  in  the  "  £ncyclop»dia 
Britannica  **  is  very  brief,  being  confined  to  a  single  sentence,  and  M 
the  subject  is  one  of  great  interest,  I  have  thought  it  best  to  oon- 
municate  the  letter  to  the  Royal  Society. 

From  the  researches  of  Mr.  Hoggins  on  the  radial  oomponent  fli 
the  relative  velocity  of  our  sun  and  certain  stars,  the  coefficient  of  tkt 
inequality  which  we  might  expect  as  not  unlikely  would  be  only  raM» 
thing  comparable  with  half  a  second  of  time.  This,  no  doubt,  iMdM 
be  a  very  delicate  matter  to  determine.     Still,  for  anything 
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i  priori  to  the  contrary,  the  motion  might  be  very  mnch  greater  than 
what  wonld  oorreapond  to  this ;  and  the  idea  has  a  valne  of  il»  own, 
irrespective  of  the  possibility  of  actnally  making  the  determination. 

In  his  letter  to  me  Mr.  Todd  remarks,  "  I  r^ard  the  oommanica- 
tion  as  one  ot  extraordinary  importance,  although  (as  you  will  notice 
if  you  have  access  to  the  reply  which  I  made)  it  is  like  to  be  a  long 
time  before  we  shall  have  tables  of  the  satellites  of  Jupiter  suffi- 
ciently accurate  to  pat  the  matter  to  a  practical  teat," 

1  have  not  thought  it  expedient  to  delay  the  pubhcation  of  the 
letter  on  the  chance  that  something  bearing  on  the  subject  might  be 
found  among  Maxwell's  papers. 

G.  G.  Stokks. 
(Copy.) 

Cavendish  Lalwratory, 

Cambridge, 

IJlth  March,  1879. 
Sib. 

I  have  received  with  mnch  pleasure  the  tebles  of  the  satellites  of 
Jupiter  which  you  have  been  so  kind  as  to  send  me,  and  I  am 
encouraged  by  your  interest  in  the  Jovial  system  to  ask  yon  if  yon 
have  made  any  special  study  of  the  apparent  retardation  of  the 
eclipses  as  affected  by  the  geocentric  position  of  Jnpiter. 

I  am  told  that  observations  of  this  kind  have  been  somewhat  pnt 
out  of  fashion  by  other  methods  of  determining  quantities  related  U> 
the  velocity  of  light,  but  they  nffonl  the  oiilij  method,  so  far  ns  T 
know,  of  getting  any  estimate  of  the  direction  and  magnitude  of  the 
velocity  of  the  sun  with  respect  to  the  luminiferous  medium.  Kven 
if  Wf  were  sure  of  the  theory  of  abprnition,  we  I'nn  only  get  diHercnceM 
of  position  of  stars,  and  in  the  terrestrial  methods  of  determining  the 
velocity  of  light,  the  light  comes  back  along  the  same  path  again,  so 
that  the  velocity  of  the  earth  with  respect  to  the  ether  would  alter 
the  time  of  the  double  passage  by  a  quantity  depending  on  the  square 
of  the  ratio  of  the  earth's  velocity  to  that  of  light,  and  this  is  qnit^ 
too  small  to  be  oliserved. 

But  if  JK  is  the  distance  of  Jupiter  from  the  earth  and  I  the 
geocentric  longitnde,  and  if  V  is  the  longitude  and  X  the  latitniie 
of  the  direction  in  which  the  sun  is  moving  through  ether  with 
velocity  r,  and  if  V  is  the  velocity  of  light  anil  /  the  time  of  transit 
from  J  tn  E, 

JE=[V- r  cos  X  cos  {l-H]  '■ 
By  a  comparison   of   the   values   of  I   when    Jupiter  is  in   diffensnt 
signs  of  the  sodinc,  it  wonid  l)c  possible  to  determine  l  and  r  cos  \. 

I  do  not  see  how  to  determine  X,  unless  we  had  a  ]>lanet  with  an 
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know  of  !iny  work  done  in  this  direction,  either  bj  x 
i,  I  sluuiKl  esteem  it  a  favonr  to  he  tolii  of  it. 
Believe  me, 

Tonrs  faithfully, 
(Siimed)  J.  Clerk  MaI' 

oiia,  Esq, 


THE  PRESIDENT  in  the  Chair, 
received  were  laid  on  the  table,  and  thanka  i 


ish  Itoprodiictioii  Table."     By  Dr.  AV.  Farr,  PJ 
Received  January  1.5,  1S80. 
(Abstract.) 
!■  1-.  ii  development  of  the  English  Life  Table,  fromi 
ihliil  columns  of  ty  and  Py  are  taken,  and  is 
risiitntion  of  the  female  population,  as  regards  married 
iiiul  the  reprodttctive  power  at  the  several  ages. 
lie    ]io[ralation,    Py,    is    divided     into    i      rried    (a: 
(liliii'),  and  widowed  (vidan),  aci  to  the  ] 

ic  (-lasses  of  the  various  ages  at  the  b  of  1S71 ;  thm 
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The  offspring  (aoboles)  are  derived  from  ITorwe^an  statietics  of 
the  namber  of  children  bora  to  married  and  unmarried  women  of  the 
several  ages,  such  facts  for  England  not  being  available. 

As  the  Life  Table  represents  a  popalation,  continuing  the  same  in 
constitation  from  year  to  year,  the  columns  »y,  iij,  and  g"y,  show  the 
annual  number  of  children  born  to  womL-n  of  the  several  ages  and 
classes ;  and  the  total  births  of  live-born  children  in  &  year  are 
1,450,910,  of  which  55,381  are  of  illegitimate  children. 

By  means  of  simple  formalm,  the  number  of  children  bom  in  or 
oat  of  wedlock,  to  any  given  number  of  women  at  a  specified  age,  can 
be  dedaccd.  1,000  wives  aged  20  bear  401  children,  while  1,000 
unmarried  women  of  this  Ago  bear  11  children;  at  ngo  30,  1,000 
women  of  each  class  bear  337  and  2'.*  children ;  at  ago  40,  210  and  10 
tihildren  respectively  are  bom  of  married  and  numarried  women. 


II.  "  A  Note  ou  Protagon."  By  Arthur  Gamqee,  M.D.,  F.R.S., 
BrackeDbury  Professor  of  PhyRiology  in  Owens  College. 
Uanchester.     Received  Januiiry  19,  1880. 

In  1879,  in  conjanction  with  Dr.  Emnt  Blnnkcnhom,  I  commnni- 
catcd  to  the  Royal  Society  a  paper  entitled  "  On  the  Existence  of 
Liebreicb'H  Protagon  in  the  Brain."  • 

In  that  paper  we  sought  to  establish  tho  existence  of  the  body 
which  had  been  described  by  Dr.  Licbreich,  bat  which  had  by  several 
writers  been  considered  to  be  a  mixtunj  of  lecithin  and  cerebrin.  We 
gave  many  analyses  of  several  samples  of  protagon,  and  pointed  out 
the  constancy  in  the  composition  of  the  bodj'  when  subjected  to  re- 
peated crystallization  from  alcohol.  I  have  since  the  <late  of  tho 
above  paper,  in  conjunction  with  Hi'rr  Adolf  Spiegel  and  Mr.  Leopold 
Larmnth,  continued  my  exnminalinn  of  protagon,  and  of  certain 
Imdies  which  accompany  it.  Oar  resenrclies,  which  on;  not  yet  in  a 
sufGcicntly  advanced  state  for  piiblicalion,  have  in  the  fuUcNt  ilcgrce 
confirmed  the  concliisionH  arrived  at  by  th<;  rcMcaroli  of  tvhicli  the 
results  have  already  bcou  subniittud  t<i  tho  Society. 

The  object  of  the  present  com m an i eat  ion  is  to  notice  certain  of  the 
statemento  which  have  Iniely  been  imhlished  by  J.  L.  W.  Thuaichum, 
i[.D.,t  to  the  effect  that  p rota jjfon  is  an  impure  body  consistinE  of  a 
mixture  of  many  organic  substanccR,  and  containing  in  |)arti(-uhir 
onnsidemble  quantities  of  p<>ln.<aHium. 

"  These  inquiries,"  says  Dr.  Thudichum,  referring  to  his  own  rc- 

•  "Ppoc.  Boy.  Soc.."  vol.  iiii.  p.  151. 
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searches,  "  were  already  several  years  ago  extended  to  the  product 
t.'rined  'protagon';  and  this,  too,  was  fonnd  to  contain  inorganic 
constituents  irremovable  by  recrystallization  from  alcohol,  however 
frequently  repeated.  It  was  found  more  particularly  that  *  protagon  ' 
and  the  bodies  into  which  it  can  be  separated,  according  to  my  re- 
searches, always  retain  considerable  quantities  of  potassium  in  com- 
bination. As  the  quantity  of  inorganic  ingredients  in  *  protagon  * 
had  never  been  estimated,  I  prepared  a  specimen  of  tliis  matter,  and 
on  analysis  found  it  to  contain  the  better  part  of  1  per  cent,  of  in- 
organic incombustible  matter,  phosphoric  acid  not  included,  and  in  this 
no  less  than  0*76  per  cent,  of  the  ^protagon  *  of  potassium.**  * 

Having  described  various  experiments  in  which  the  above  impure 
lx)dy  is  supposed  to  have  been  resolved  into  bodies  which  Dr. 
Thudichum  has  elsewhere  described  as  proximate  principles  of  the 
brain,  he  proceeds  :  "  The  foregoing  data  enable  us  to  attribute  their 
])roper  value  to  the  series  of  operations  by  which  the  advocates  of 
*  protagon  *  have  brought  about  the  concordance  of  their  analyses. 
The  potassium,  which,  thongh  present  in  such  quantity  that  if  *  pro- 
tagon *  were  a  unitary  body  its  atomic  weight  would  thereby  be  fixed, 
they  have  not  found,  is  calculated  as  oxygen  ;  the  phosphate  of  lime 
which  they  have  not  extracted,  is  made  to  increase  the  protagonal 
phosphorus ;  the  mixture  of  the  myelins,  which  they  have  not  extracted, 
and  which  they  are  unable  to  diagnose,  is  adjusted  by  solvents  to  a 
convenient  quantity,  and  made  to  represent  the  constituent  phosphorus 

of  protagon The  uniform  chemical  composition 

of  the  brain  greatly  favours  the  obtaining  from  it,  by  the  aid  of 
processes  nearly  akin  to  trimming,  of  extracts  of  uniform  composi- 
tion ;  this  uniformity  can  be  greatly  aided  by  limitations  of  the 
quantities  of  materials  operated  upon,  and  of  the  quantities  and 
strengths  of  the  solvents ;  and  by  careful  obser\'ance  of  these  limita- 
tions, preparations  are  obtained  which  present  a  delusive  appearance 
of  definiteness.  But  this  delusion  could  only  be  persevered  in  fay 
persons  who  are  not  in  the  habit  of  subjecting  their  products  to 
tests  of  purity,  and  who  are  not  acquainted  with  the  necessity,  which 
is  imposed  upon  every  conscientious  inquirer,  of  questioning  his  pro- 
ducts and  conclusions  in  a  sense  adverse  to  his  hypotheses.'* 

After  reading  the  above  remarks,  I  determined  upon  placing  in  tlie 

*  The  vrordfl  printed  in  itaUcs  leayc  eome  doubt  as  to  tho  author's  meaniBg.  U 
miglit  be  supposed  that  bj  **  0'76  per  cent,  of  the  '  protagon '  of  potassium  "  hie  did 
not  mean  0*76  per  cent,  of  potassium,  but  much  smaller  quantities.  Lett  then 
sliould  be  any  doubt  on  this  point  it  is  nect^ssarj  to  quote  tlie  following  pnMSgp,  ia 
which  tho  statement  is  repeated  in  plainer  terms  : — **  The  remaining  30  grma.  of 
protagon  once  recrjstallised  (product  N  1*2)  contained  1*057  per  cent,  of  pbotphons 
and  0*76  per  cent,  of  potassium."  It  therefore  appears  that  in  the  sentenoe  qiMiCad 
in  the  text  the  author  means  that  the  potassium  amounted  to  0*76  per  cent,  of  tbt 
protagon. 
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haads  of  my  friend  and  colloagne,  Professor  Roscoe,  F.R.S.,  tUe  onl; 
eample  avatKble  of  the  protagon  of  which  the  analyses  had  been 
comnmnicated  to  the  Rojal  Society  ;  this  was  a  twice  re-crjstaHiied 
sample  of  protagon  from  ox-hrain,  which  had  heen  employed  for 
analyses  3  and  4.  The  remsining  specimens  hod  been  used  in  experi- 
ments on  the  products  of  decomposition  of  protagon. 

I  Teqnested  Dr.  Boacoe,  to  whom  I  commnnicated  Dr.  Thndichmh's 
criticism,  to  determine  the  amount  of  mineral  imparities,  and 
especially  of  potassium  present  in  protagon.  He  has  kindly  fur- 
nished me  with  the  ensaing  report,  with  which  I  sball  close  this  com- 
mnnication,  as  I  am  convinced  that  no  one  will  expect  me  to  enter 
into  a  polemical  discussion  with  the  author  of  the  pre\-iou8ly  quoted 
matter. 

The  Owens  College,  Manchester, 

Decemher,  1879. 

I  have  examined  spcctroscopically  for  jtofasb  a  sample  of  protagon 
famished  me  by  Dr.  Oamgec,  and  lal>elled  "  Protagon  twice  re> 
orystalliEed.  Blaukenhom."  I  ooald  not  detect  any  potash  by  the 
Bpectroscope  in  the  incinemted  mass  from  Ol  grm.of  subslanco.  With 
the  carboniied  mass  obtained  from  I'O  grm.  of  substance  I  obtained 
the  potassium  line  (a)  very  faintly,  and  from  comparative  exfteri- 
ments  with  a  dilate  solatioo  of  a  potassium  salt,  I  estimate  the 
qaantity  of  potash  in  1  grm.  of  the  substance  not  to  exceed  -Jg  mgrm. 
The  carbonised  residue  of  1  grm.  of  protn^^n  was  carefully  oxidized 
with  pure  nitric  ncid,  when  a  small  quantity  of  fused  metaplioKphoric 
acid  remained  after  ignition.  This  residue  weighed  U'll27H  grm., 
corresponding  to  1'08  per  cent,  of  phosphorus.* 

(Signed)  H.  E.  R0S..0E. 


III.  "  On  tlie  Induction  of  Electric  Ciirrciitfi  in  Infinite  Platen 
lui.l  Sphericul  Sheila."  By  C.  NivEX,  M..\..  ProfeKsor  of 
MiitlieiimticH  in  Queen'n  Collegu,  Cmk.  0>imminiciit,-.l  l>j- 
J.  W.  L.  Glaisiier,  M.A.,  F.».S.  Kcceivi^d  Januarj-  21, 
188U. 

(Ahalract.) 

The  object  of  the  present  paper  is  to  detemiine  the  corrents  which 
are  induced  in  an  inKnito  plate  of  uniform  conductivity  und  finite 
thickness,  and  in  a  sphere  or  splioriiiil  shell  of  any  thickness  when  in 
the  presence  of  a  yarying  magnetic  system  :  and  in  any  of  these 
bodiea  when  rotating  near  a  constant  magnetic  system,  ronnd  an  axis 
which  is  normal  to  the  faces  of  the  plate  or  passes  through  the  centre 
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,  0,    H   bo  the   components,  at  any  point  jnat    tttai 
f  llie  conductor,  of  the  vector  po;entiftl  due  to  all  the  o 
;n(;ts   In   the   field,  JT  the  compdncnt   along  the  nomi 
Lirfnc'i',  measured  outward  from  the  conductor,  ■^  the  elet 
;  iuul  let  F',  G',  H'  be  the  compnuenta  of  the  voctor  patflB 
i<lc,  tilt'  boundarj'  conditions  are 


F=F' . 


dF  _dP^  ,IJF,   dr}r 


=0. 


s  in  the  cases  treated  in  the  paper,  it  is  Bhowa 
'vcrywhere,  and  there  is  tio  free  electricity  witli^' 


11  its  surface. 

Lifinite  Plate. 
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:i(ential  of  the  currents  in  the  plate,  and  the 

„ivo„  b. 


■xprcsscd  in  semipolar  co-ordinataa  p,  ^ 
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The  mode  of  BoIntioiL  adopted  is  to  consider  tke  variations  of  tlie 
external  sTBtem  as  a  series  of  impulses,  producing  a  snccession  of 
cnrrenta  which  decay  aocording  to  the  law 

~V'P=— T-,  "  being  the  condnctiTitf . 

If  tihe  value  of  Pg  rise  snddenly  from  0  to  Pq,  the  correeponding 
value  of  P  will  be  — P^  initially  ;  and,  at  any  snbaeqnent  time,  will  be 
given,  for  an  external  point,  on  the  positive  side  of  the  plate,  by 

P=  -1 ES"  f'  cos  m0^J0'  r«e--''-»l  J„(«^)(i.  r^'J.(r/)')rf/  ■  Z, 

whe™  Z=2  (e-«    !"^.^"#-,r'PQ'cos»zW 

l        2Hft+ain2n6j-i   " 

,,     2n'sin«'&    f-'p.,i„,.,.,v  ]  ^ 

in  which  X=— (it'+m'),      nsinnb— KCOBnt=0. 

4nr 

\'=i(^  +  B'J),     «'co8«'6  +  «8inn't=0. 

The  origin  is  midway  between  the  faces  of  the  plate,  and  the  last 
snmmatioD  is  to  be  extended  over  all  the  values  of  n  and  »',  derived 
from  these  eqaations. 

By  pntting  B=-,  and  makiBg  b  infinitely  small,  we  deduce  the 

solution   for  an   infinitely  tbln  sheet.      The  result    coincides   with 
Maxwell's. 

Sphere  or  Spherical  SheU. 

The  formalfD  adapted  to  this  case  arc 

"        Jr  "  "         eiaOdip  de 

sin  ihlip  do  Din  Odtfi  dO 

and  4^=  -  V^P,      -"- V=P=-^. 

[We  have  here  resolved  alonf;  the  elements  'Ir,  rdO,  rsin  O</0]. 
When  the  shell  is  of  finite  thickness,  the  solution  is  expressed  in 
terma  of  spherical  harmonics  and  of  the  functions  which  are  the  sola- 
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[I  to  _-- —  (R  being  the  resiBtanco  of  the  shell  and  a  | 
i-ailius),  )uul  lot  the  intensity  of  the  image  increase  at  each  point  itfl 
a  eoiistaiitr  loji^iirithmii;  rate  ■— — .     At  the  end  of  the  interval  let  8 

cxartly  C([u;il  Inifc  negative  image  be  formed  in  the  plaee  of  the  fORiM 
and  niDve  toward  the  centre  in  the  same  manner,  and  let  theae  ODflii 
tions  ln'  rejiualtd  at  the  beginning  and  end  of  eveiy  intePT^tf 
ii('tii)ii  of  the  sheet  on  external  points  will  be  that  dne  to  titft''! 
triiin  of  iniagi'S,  < 


Induetton 


I  Botating  Conductor 


ic  conductor  rotates  uniformly  al)o\it  an  axis  of  BTBui 
a  will  become,  after  a  time,  steady.  In  the  case  of  u 
f  Unite  thickness,  the  vector  potent iiil  and  currents  wiU 
iiienii  forms  as  before,  but  the  electric  potential  will  a 
Milu(ion  is  now  expressed  by  taking 


■^=-ap 
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^-%-L^''- 


^X=«(P  +  Po),  •v»P=^CP+Po), 

4r)r  dip 

iirnlar  velocity). 

iiiucing  magnetism  Ilea  all  on  the  positive  e. 

■xprt'89  Pg  within  it  in  the  form 


n  the  positive  face.     The  ralue  of  P  at  any  e 
ve  side  may  bo  expressed  bj 

P=SC  coBm^«(«/.jB-", 
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When  ihe  plate  becomes  ft  thin  sheet  we  may  put  ir=Bi,  and  maket 
infinitely  small ;  we  shall  then  have 

If  we  express  P  and  Pq  as  rnnctioos  of />,  0,  "-^        ** 


--Kth 


2™ 


I --Jt  beii^  found  on  the  original  system  of  Tariablea.     There  seems 

to  b«  a  misblce  in  Maxwell's  integration  here,  bat  it  does  not  affect  the 
representation  of  the  result  by  means  of  the  spiral  trail  of  images  which 
he  has  given. 

Sfiherieal  Comluetur. 
In  the  case  of  a  sphere  or  spherical  shell,  the  vector  potentials  and 
a  will  have  the  same  general  forms  as  before,  and  the  Bolation  is 


contained  in  the  eqoatioi 

^  do  dt}i         ir 

From  the  general  formalDs  expressing  completely  the  effect  of  the 
Hhell  on  exteimal  points,  we  pasiR  to  one  whose  thickneaH  (c)  is  infinitely 
■mall:  patting  then  Re=a,  ¥=P'^,  Q=Po'^.  /'="log'-,  we  obtain 
finally 

dp  il0  d<p 

which  may  be  integrated  as  before.  It  indicates  a  spiral  trail  of  imagcH 
differing  somewhat  from  tlie  funiier ;  that  due  to  a  ninglc  pole  nil!  fonn 
a  onrve  lying  on  a  cone,  and  would  be,  if  the  cone  were  dovelojicU,  a 
series  of  portions  of  an  equiangular  i^[)irul. 


IV.  "  On  the  Physical  OoiiBtaiits  of  Liquid  Ily»h-iichliiric  Acid." 
By  Gerbard  An'SDELL,  F.C.S.,  Ohoniic«l  AsKiKtiint  iit  the 
Kuyal  Iiistitutidii.  C'oiiimuniciitcil  by  Pmitssor  Dewab, 
F.R.S.     Received  Jauuary  ii,  1880. 

Id  a  paper  read  before  the  Roynl  Society,  on  Jnne  18th,  1879,  I 
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pumps  for  the  liquefaction  of  gases.  The  tensions  of  the  saturated 
vapour  then  obtained  were  so  entirely  different  from  M.  Cailletet's 
results,  that  it  appeared  to  me  to  be  possibly  due  to  a  slight  impurity 
in  the  gas,  probably  a  trace  of  mono-bromethylene  which  always  occurs 
in  the  red  copper  compound  of  acetylene,  and  is  very  difficult  to 
completely  eliminate. 

I  therefore  prepared  a  quantity  of  the  silver  compound  (which  can 
be  obtained  entirely  free  from  mono-bromethylene)  by  passing  acety- 
lene prepared  in  the  same  way  as  formerly,  viz.,  by  the  action  of 
alcoholic  potash  on  di-bromethylene,  into  an  ammoniacal  solution  of 
nitrate  of  silver. 

On  filling  several  tubes  with  acetylene  generated  by  the  action  of 
hydrochloric  acid  on  this  compound,  the  tensions  were  found  to  be 
exactly  the  same  as  those  obtained  with  the  acetylene  made  from  the 
copper  compound,  thus  proving  the  correctness  of  the  former  experi- 
ments. 

As  the  Cailletet  pump  is  so  well  adapted  to  the  examination  of 
gases  in  their  liquid  state,  and  is  at  the  same  time  so  easily  managed, 
it  appeared  interesting  to  determine  the  physical  constants  of  some 
other  gases,  and  Professor  Dcwar  suggested  an  examination  of  the 
halogen  acids,  with  regard  to  their  physical  relations  to  each  other, 
more  especially  as  we  have  absolutely  no  reliable  knowledge  as  to 
these  numbers. 

Faraday  was  the  first  to  liquefy  hydrochloric  acid  gas  in  1823,  and 
he  subsequently,  in  1848,  made  a  series  of  determinations  of  the  vapour 
tensions  of  the  liquid  at  different  temperatures.  He  also  liquefied 
hydrobromic  and  hydriodic  acids,  but  gives  no  account  of  their  pro- 
perties in  a  liquid  state.  Gore  ("  Proc.  Roy.  Soc,"  vol.  xiv), 
examined  very  carefully  the  chemical  properties  of  liquid  hydrochloric 
acid,  its  solvent  action,  &c,,  but  made  no  determinations  of  its 
physical  constants. 

Hydrochloric  acid  is  the  only  one  1  have  as  yet  had  time  to  ezamine, 
with  the  following  results : — 

The  gas  was  made  by  the  action  of  strong  sulphuric  acid  on  dry 
chloride  of  ammonium,  being  afterwards  freed  from  sulphuric  acid 
and  dried  before  entering  the  tubes.  It  was  found  of  no  advantage 
to  continue  the  stream  of  gas  for  more  than  six  hours,  as  a  constant 
minimum  of  air  always  remained  in  the  tube  at  the  end  of  this  time 
(about  :jJ-oth  of  the  total  volume  of  the  tube)  which  it  appeared  utterly 
impossible  to  remove. 

The  pump  was  used  in  the  same  way  as  described  in  my  former 
paper,  two  iron  reservoirs  being  used,  one  containing  the  air  mano- 
meter, and  the  other  the  tube  with  the  gas  to  be  liquefied. 

Apart  from  the  mere  determination  of  the  vapour  tensions,  densi- 
ties, Ac,  the  ratio  of  the  volume  of  saturated  vapour  to  that  of  the 
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liquid  w&a  considered  of  the  highest  importance,  as  from  these  nnm- 
bers  the  latent  heat  of  transformation  and  other  important  data  can 
be  easily  calculated.  For  these  reasons  the  ffos  was  examined  in 
rather  a  different  way  to  the  acetylene,  the  volume  to  which  it  had 
been  compressed  at  tlie  point  of  liqncfaction  (or  the  volnme  of  the 
satarated  vaponr)  at  any  given  temperatnre  being  first  accurately 
determined,  and  then  the  pressure  increased  until  the  condensed 
liquid  entirely  filled  the  upper  part  of  the  tube.  The  votume  of  this 
liquid  column  was  then  measured,  so  that  a  comparison  between  the 
volume  of  the  saturated  vapour  and  the  volume  of  the  total  condensed 
liquid  was  obtained  at  each  temperature. 

This  fractional  volnme  of  the  gas  at  the  ]>oint  of  liquefaction  was 
determined  by  observing  wlien  the  air  manometer  ceased  to  show  an 
increase  of  pressure  on  compressing  the  gas  ;  the  volume  of  the  gas 
at  this  point  being  then  measured,  aud  the  pressure  being  then 
gradually  released  until  the  air  manometer  showed  a  slight  decrease 
of  pressure, — the  volume  of  the  gas  was  then  again  measured  at  this 
point,  and  the  mean  taken  as  the  point  of  liquefaction. 

The  results  of  the  whole  scries  of  expci-iments  are  recorded  in  a 
condensed  form  in  the  following  table  : — 


A. 

B. 

C. 

D. 

E. 

F. 

* 

137  31 

1 

38  89 

7-55 

18 

18 

29 

1 

8 

9-25 

118 '!X; 

1 

4i-73 

7-90 

15 

06 

33 

9        1 

13  8 

103-60 

1 
63  19 

8-35 

12 

39 

37 

75 

ia-1 

fll-77 

1 

8-74 

10 

50 

41 

80 

83  0 

81-19 

1 

70  06 

9  10 

8 

92 

45 

■5 

26-78 
33-4 

60  69 
55 -75 

1 
1 

9-50 
10  12 

7 

33 

50 

51 

58 

00 

83 

IMW 

^ 

39  i 

+1-85 

1 
131-33 

10  68 

4 

19 

66 

95 

4t'S 

3U-3t 

1 
168 '67 

11  96 

3 

03 

75 

») 

48-0 

31-33 

1 

l!t7'G0 

13  00 

2 

61 

80 

80 

lOi 

27-6-t 

1 

13-93 

2 

13 

8i 

75    ; 

WW 

25-70 

14  30 

1 

79 

« 

33      1 

1 
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In  tliis  table 

A = temperature  of  gee. 

It  =^  volume  uC  the  aatar&t«(i  vapour  at  jiuint  of  Hqn^hotioa. 

C  =  frricti<mitl  volume  of  tlie  gas  at  point  of  liqaefaction  ia 
to  tlie  initial  voliirae  Under  one  iitniosphero  of  preMuro. 

D=:vuli[mo  of  the  coudenaed  liquid. 

E=raliii  of  volume  of  gas  to  that  of  the  liquid. 

F^jiffssure  in  atmosphere. 
The  iTitii^al  point  waa  found  to  be  51°-2.^  C. 

It  will  be  seen  from  this  table,  that  the  voInmeB  of  tbo 
vnpours  and  liquid  gradually  approach  each  other  a«  the  tempcottbui 
ncars  Ihe  critiwil  point,  and  would  undoubtedly  be<.-onie  iilmtifld.! 
the  oxpcrimeiils  could  be  carried  on  up  to  the  critical  poiti(.  ~ 
following  curves,  the  first  of  which  represeuta  the  ehiinge  of  ■» 
of  the  Huturiiti'd  vapour  find  liquid,  in  relation  to  tlie  teniM 
and  till'  si'i.'iiiul  the  ratio  between  these  volumes  in  rclatigii^ 
tfm|iiT:iture  fuulumn  E  in  tbo  table)  show  these  results  inaff 
i'onn. 

Curves. 

Tiie  i-alii)  between  the  volume  of  the  saturated  vapour  i 
voliiiiii'  1)1' the  liquid  atdifferent  temperatures  decreases  very  p 
nrilil  wiihiii  iiLoul  throe  degrees  of  the  critical  point,  where*  a 
point  ill  liii>  cnrvc  occurs,  and  the  ratio  approaches  unity  wi^ 
rjijiiiliiv.     Till' volume  of  the  liquid  increases  very  regulariya 
tinii„  ,:,turr  -l  iiliout  4y"  C,  and  at  51°  C,  or  within  0-25  of  a  d 
ijf  till'  rrliic:il  I  mint,  the  distinction  between  the  saturated  vapuui 
the  ]J(|Ni(l  \iiiii.-lii.'M,  aa  although  liquid  is  plainly  seen  to  coudoueo  w 
llic   Mil  fiii-i'   ol    the   mercury,   on  increasing    the  pressure   the  1 
diiiiiiii'.itiini  iuiiiiodiately  disappears,  and  it  isimposBibls  to  Bfty  « 
tlir  tiilii' is  lillcd  with  the  saturated  vapour  or  the  liquid  itself;  ^ 
IniT  no  l■l■^nlt■i  could  be  obtained  nearer  the  critical  point  thi 
ii  fourth  ofa  degree. 

Averiiiiius,  iu  a  paper  intitled  "The  Causes  which  deter 
Criii.-.il  I'oiiif  V-lXl'm.  Acad.  Sci.  St,  Peters  bo  urg,"  1876-77),J 
u  [iiiiiil>L'r  of  I'xiHriments  on  ethor,  and  came  to  the  to: 
viiliHiirs  of  llie  suturatj-d  vapour  and  of  the  condensed  liquid  4 
ciiiiiiil  |"'iiit  wire  not  identieal.      He  was  under  the  dIsadvantB 
working   iit  a  very  high  tempei-alurc,  the  critical  point  of  ether 
V.^-1  ■>'•  (V.  uliich  must  have  l>een  very  dilTicult  to  keep  fised  withi 

My   own   experiments,  which  were  carried  nut  at  a  very  much  loirf 
teiii|H'i;itiiii',  iiTul   were  couaeqnontly  capable  of    greater  accuracy,  | ' 
iici'ouiil  of  ilio  fiicility  with  which  the  temperature  cuuld  be  kept  9 
i-hmt  to  within  ,,'„tbof  a  degree,  appear  to  confins  liisrcBnlta,  i 
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aa  it  is  eridentlj  impossible  to  measare  the  relative  volume  of  Siiid 
and  gaa  within  less  than  a  fonrth  of  a  degree  of  the  critical  pcnut, 
and  at  this  place  the  volumes  are  certainly  nneqoal.  This,  howerer, 
doea  not  disprOTe  their  identity  as  the  critical  point. 

The  density  of  the  liqnid  at  different  t«mperatare8  was  determined 
in  the  same  nay  as  described  in  my  former  paper,  and  gave  the 
following  numbers  :— 

Twnpenture.  Deoutj. 


0    C. 


47 


•908 
■b/3 
-854 


■678 
■619 


This  liqnid  has  therefore  not  qnite  snch  a  high  density  as  liquid  car- 
bonic acid,  which  is  0  95  at  0"  C,  and  is  abont  twice  as  high  as  acety- 
lene, which  is  0'450  at  the  same  temperature.  It  is  interesting  to  note 
that  acetylene  is  the  lightest  known  flnid  substance.  On  refening  to 
the  density  of  liquid  hydrochloric  acid  given  by  other  authors.  Pro- 
fessors Ruscoe  and  Schorlcmmer,  in  iheir  recent  treatise  on  chemistry, 
describe  it  as  a  colourless  liqnid  having  a  specific  gravity  of  about 
1-27.  As  this  volue  is  so  much  liighcr  tlian  that  obtained  by  myself, 
and  as  I  feel  couBdent  of  the  accuracy  of  my  results,  it  aeems  evident 
that  a  mistake  has  in  some  way  arisen,  and  ihut  the  valne  given  by 
them  refers  to  tlie  density  of  the  gaseous  acid  with  icfercncc  to  air. 
and  not  to  tlio  liquefied  gas.  Unfortunately  Faraday  dues  not  seem  to 
bare  determined  its  density. 

Experiments  made  to  determine  the  coefficients  of  compressibility  of 
the  fluid  at  diffennt  lempenitures  were  carried  on  in  the  same  way  as 
formerly  detailed.     The  following  are  the  chief  results  : — 


Mean  coefficients  of  compression  at  diffl'i'ciit  tcmporatm 
of  pressure  from  i>'l-%  to  2U81;»  atmospheres 
Temp,  of  UCl.  CoefflcieDt. 
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A  trliuicc   at    tlie   maps  wliicb   acci  ny    Sir  Edward   Sabi&fi's 

"  Coiiti-ilratioiis  to  Terrestrial  Mag  '  pnbliahpd  at  varions  timet 

ill  tlic  ''  I'liilDsiiphical  Tranaactions  of  the    ,oyal  Sneiety,"  is  siiEBcient 
tci  slii>w  lliiit  cfiiisidorable  as  is  our  1  ge  of  tbe  mngnetic  history 

of  'Hir  sjliilie,  there  are  still  very  li  ;e  i  iaa  of  the  earth's  surface 
alxmt  wliJL'li  we  have  practically  no  inf  natioD.  A  retnarkable  in- 
sIhmcc  of  tills  fact  is  afforded  by  the  i  of  the  North  American  Cffi^i 
tiiieiit,  iriore  csjw'cially  by  that  portion  belonging  to  (he  United  StatM 
Mnf^ietic  observations  have  been  made,  witJi  mc>ro  or  less  aa^idaity,  m 
ililTcTviit  [iliiivs  ill  (he  Eastern  States,  for  aiuuy  years  past;  hai  otw 
the  iriiriiinse  tract  of  country  lying  betwceii  the  Mississippi  and  thfl 
PaeiHe  Oi'iiiii — n  tract  comprising  upwards  of  200,000  sqaare  milm, 
tlit'ri'  is  iiiily  ii  single  determination  of  one  of  the  three  mngnet^oA 
jjioiits  iinlic:ili'il  ou  Sir  E.  Sabine's  maps,  viz.,  a  determinaticm  | 
clccliTi:ilii.ii  ;,t  Snlt  Lake  City.  A  series 
sniiii'  jr:[is  siiic'L-  l)y  United  States  officers  dong  the  Mexican  froii£3 
and  a  similar  siries  was  carried  out  by  the  English  and  j 
(.fliciTs  ciiiiiloycil  on  the  North  American  Boundary  T 
Hill  till'  liiiliT  ol)scrvations,  I  believe,  have  Tiot  yet  been  pnblisbediil 

My  iilli'Mlioii  «a.s  first  drawn  to  this  matter  by  my  friend  Mr.  Q>  j 
\Vliip|ilc,  I  iio  Siiiierintendent  of  the  Kew  Observatory,  in  the  ft 
of  siirtif  iiiTivcis;ition  respecting  ft  journey  ta  Weslern  America  irlliB 
1  ciiiiniiipliihil  making  in  order  to  observe  the  total  solar  e 
hist  July.  A^  my  station  was  to  be-in  the  Slate  of  Colorado,  ii 
is  jiiiiitii'ally  midway  between  the  northern  and  southern  boui 
aliiiii,'  ivhicli  (lie  observations  above  referred  to  had  been  msde^ 
sceiiHil  !•>  Mr.  Whipple  advisable  to  seize  the  opportunity  to  add  tc 
our  iiiiigi'i>ti<'al  knowledge  of  the  intervening  area  to  the  extent  ever 
(if  sc'iiriiii,'  iih.-ii'rviitiona  on  a  single  spot  only.  Farther  consldcratii^ 
>ln>«i(l  tiiiit  llii'  project  might  be  extended  with  advantage,  andji* 
(■iinliii;.'ly  I  nITi  rfii  to  make  a  complete  series  of  observations  at  f 
tlin,'  .■U■llll■llt.^--dip,  intensity,  and  declination,  at  such  times  { 
[ilai»  a-  i)if  fircumstanccs  of  travel  wottld  allow.  The  Kew  C 
Tiiiitrc  Iviiidly  iilTi'i>;d  me  the  loan  of  the  itislrumenta  which  thej| 
S.  .1.  I'lrn  liad  employed  in  Kergnelen's  Land  i 
llir  iicra-iiiiii  of  thi'  recent  Transit  of  Venos  I  ■ 
(iine  Pii>fi'>.stir  Hitlf'iur  Stewart  generously  i 
Mil,. lie.,  with  the  Council  of  the  Owens  Coll 
ailmirabli'  magnetic  equipment  belonging  to 
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■ome  experience  with  both  sets  of  iDstmmenta,  I  decided  to  accept  those 
belonging  to  the  Owens  College,  partly  becanse  they  were  of  nore 
modem  constrnction  than  the  others,  being  fnmiahed  with  certain 
coctriTances  and  improved  modes  of  adjustment,  snggested  bj  Dr. 
Stewart's  cxtcDsiTe  experience,  which  mode  them  more  conrenient  to 
nse,  whilst  they  materially  added  to  the  trnstworthmess  of  their  indi. 
c&tioDS ;  and  partly  (which  was  of  great  importance)  because  the  in- 
Btmment«l  constants  had  been  comparatively  recently  determined  and 
verified  by  Mr.  Whipple.  The  Owens  College  instruments  consisted 
of  ft  dip-circle  by  Dover,  No.  6 ;  a  nnifilar  m^netometer  by  Elliott 
Brothers,  No.  27;  and  a  marine  chronometer  by  Frodsham,  No.  4066. 
I  woald  here  record  my  sense  ofobligation  to  Professor  Stewart  and  the 
Coancil  of  the  Owens  College  for  the  readiness  with  which  they  placed 
their  instmments  at  my  disposal.  Ny  thanks  are  also  due  to  the  Kew 
anthorittes  for  the  loan  of  a  couple  of  tripoda.  I  am  specially  indebted 
to  Ur.  Whipple  and  to  Mr.  Figg,  the  Magnetic  Assistant  at  the  Kew 
Observatory,  lor  instmction  in  the  use  of  the  instmments,  for  advice 
in  the  conduct  of  the  obsenations,  and  for  assistance  in  their  sub- 
seqnent  redaction. 

In  addition  to  the  ordinary  magnetic  instmments,  t  provided  my* 
■elf  with  an  excellent  7-inch  sextant  by  Casella,  a  conple  of  artificial 
horicons,  some  spare  thermometers,  an  aneroid  for  ahitudca  np  to 
5,000  feet,  and  a  hypsometric  apparatus  for  greater  elevations.  The 
fortnnat«  circumstance  that  I  was  accompanied  by  D:-.  Schuster  has 
added,  in  no  small  degree,  to  the  com])letcness  of  the  work ;  for  that 
gentleman,  being  provided  with  one  of  Fistor  and  Martin's  small 
prismatic  circles,  and  being  very  expert  in  its  use,  kindly  offered  to 
take  charge  of  the  observation's  for  time  and  latitude  throughout  the 
jonraey.  It  is  in  great  measure  due  to  tliis  assistance  that  I  have 
been  able  to  dcvelope  the  originsl  intention  into  what  may  be  con- 
sidered as  practically  a  magnetic  surrey  of  the  fortieth  parallel  across 
the  American  Continent,  tlint  is  to  say,  of  the  district  which  lies  mid- 
way between  the  line  of  obKcrvntions  already  run  nlong  tlie  northern 
and  southern  boundaries  of  the  United  States  territory 

The  observations  were  begun  at  Kew,  which  was  adopted  as  a  base 
station,  and  were  resumed  on  the  other  Bi<lo  of  the  Atlantic,  at  New 
Haven,  Connecticut.  Determinations  were  next  made  at  la  Junta  in 
Sontb  Colorado,  tjie  eclipse  station  selected  by  Professor  Asaph  Hall, 
of  the  United  States  Naval  Observatory ;  afterwards  at  Maniton,  at 
the  baae  of  Pike's  Peak ;  at  Denver,  and  at  Cheyenne  in  Wyoming. 
No  further  observations  were  made  until  wc  arrived  at  Salt  I^ke  City, 
where,  thanks  to  the  kindness  of  President  Taylor,  we  were  permitted 
to  moke  a  complete  series  in  an  excellent  sj>ot  in  a  garden  to  the  side 
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wliii  is  well  known  us  a  leading  magni 
liiiiik'  ri'L'iiliir  ili'lfriuinations  in  ao  ol 
of  tlic  ('ii|iiti)l  Hill  for  many  years 
iiiiil   disrussi'il   III   viirioua  publications 


ia  regularly   rated   from 

of  the  President's  Office. 

Utah,  at  the  observatory 

itc'd  States  Engineers,  and 

.ifi's  for  tLeir  obeervatiana 

rvat-iry  was  then  in  charge 

I  ollege,  who  also  rated  our 

p<  wer  to  facilitate  onr  work. 

Tjoming,  Grand  Island  izt 

o,   Alleghuiiy,  and  Wash- 

obsnrvecl   stations   in   the 
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iiiit.lioiitiis.      Jly  olijoc-t   in   selecting  Waahiagton  was  to  obl-ain  KQtI^<fl 
do]H'm!cii(  clii'ik   on  the  indications  of  my  instramonta.      Mr.  S^Ottl 
WiiK  kiiiil  ciiuiiL;!:  to  allow  mo  to  set  up  mj  iiistramente  in  bis  obaei'V 
vatcir_\  .anil  li>  iilTiird  me  audi  nsaistance  and  information  as  I  nesdad,. 
1  Icurmd  tliul  llio  Coast  Survey  Departmi'ot  is  gnidimlly  RCcmBMlr 
l.ilini,'  ila(:i  for  ii  lU.scussion  of  tho  magnetic  lii.^tory  of   the  uoiitmant.   J 
It  li;is  ;i]i'.Mily  iinbllsht'd  a  map  of  declination  fur  ISrU,  from  wtiit^it 
is  cvi.lint  tliiii  iiHich  has  been  done  in  the  determination  of  thi^B 

li.-nlar  ,1. lit  .-^iiico  the  dale  of  Sir  Edward  Sabin 

niiirc  1  -jii  ii;illv  along  the  Pacific  slope  and  in  the  regions  to  t 
and  siPiilli-nr;.t,  nf    the   Great  Salt  Lake.     As  yet,  however,  no  O 
jinblishcd  relating  to  any  of  the  districts  v 


lh:lt  " 


Kited. 


ileal  positions  of  the  several  stations,  their  altifea 
,cl,  the  gcolc^ical  charactef  of  the  diatriut  ii 
[,  losj,.tlier  with  such  details  of  the  exact  sites  a 

■  iheir  identification,  are  given  in  Table  I.  For  ti 
lhi>  geological  information  I  am  indebted  to  my  o 
r  A.  H.  Green;  the  rest  I  owe  to  the  kindness  < 
ri'y,,.  Chief  of  the  United  States  Engineers,  who  wa^fi 
Li;  bf-)iutiful  geological  and  topographical  atlas  a 
ri-nco  King's  Report  of  the  Geological  Explorationtt 
mild. 

I.  Dip. 
is  at  my  disposal  were  Barrow,  No.       , 

■  :Mr.  Welsh  had  employed  the 
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his  Magnetic  Survey  of  Scotland  in  1856-57 :  it  had  been  carefnllj 
examined  by  Dr.  Balfour  Stewart  for  error  of  axle  and  evidence  of 
local  magnetism  in  the  circle.  (See  '^  British  AHSociafion  Reports," 
Aberdeen,  1859.)  After  a  number  of  trials  with  both  circles,  I 
decided  to  make  use  of  the  one  belonging  to  Owens  College  (the 
Doyer  circle),  principally  for  the  reason  th^t  the  method  of  lifling 
the  needles  in  that  instrument  seemed  to  afford  more  concordant 
results  than  that  adopted  in  the  other.  The  Dover  circle  was  pro- 
Tided  with  two  needles  of  the  ordinary  form,  each  35  inches  long  and 
0*27  inch  in  maximum  breadth. 

In  order  to  preserve  them  from  rust  during  the  sea-voyage,  the 
needles  were  carefully  wrapped  in  gutta-percha  tissue  and  placed  in  a 
small  box  filled  with  soda-lime.  This  method  of  preservation  was 
found  to  be  perfectly  efficacious  :  at  no  time  duriug  the  journey  was 
the  slightest  trace   of  oxidation   discernible   under  the   magnifying 

glMB. 

The  mode  of  observing  was  that  described  by  Mr.  Welsh  in  the 
"  Admiralty  Manual  of  Scientific  Inquiry,"  3rd  edition,  1859.  Eight 
readings  of  the  vertical  needle  gave  the  magnetic  prime  vertical. 
The  circle  was  then  turned  so  that  the  needle  could  oscillate  in  the 
magnetic  meridian.  Sets  of  readiugs  were  taken  with  the  face  of  the 
circle  first  east  and  then  west,  the  face  of  the  needle  being  towards 
the  face  of  the  instrument;  the  needle  was  then  reversed  on  its 
bearings  and  again  read  east  and  west :  afterwards  its  polarity  was 
rerersed  by  stroking  with  the  bar-magnets  and  ))oth  series  of  readings 
weore  repeated.  The  needle  was  raised  and  lowered  several  times 
between  each  set  of  readiugs ;  these  were  in  all  cases  repeated,  and  if 
a  difference  of  more  than  3'  was  observed,  a  fresh  set  was  taken. 

A  comparison,  made  at  Kew,  between  the  Dover  circle  and  the 
instmment  employed  in  the  monthly  ob8er\'ations  regularly  carried  on 
at  that  observatory,  afforded  the  following  results : — 

Kew,  June  7,  1878.     Time,  9.30  a.m.  io  12.26  p.m. 

Needle  1.  Needle  2.  Mean. 

Dover  Circle 67  41-8    . .      G?  441     . .       67  430 

tr       4-1-    1        f  1st  series. .        67  43*8     ..       67  44*1     ..  1    ^^  j,.,^ 
^^^^^     land    „     ..       67  447    ..       67  441     ..  |  ^'  **^ 

A  second  set  of  comparisons  at  Kew,  made  after  the  return  from 
America,  gave  the  following  numbers : — 

Needle  1.  Needle  2.  Mean. 

DoTerCirole,  Oct.  2,   1878        67  457    ..       67  41-6    ..       67  437 
rir^U  /  Sept.  25,  „  67  43  5     . .       67  4;J-4    . .  1    gy  4.>.g 

^'"^l     „    26,  „  67  43-8    ..       67  438    ..  /   ^^  ^^^ 


Tln'Kp  rcRiilts  are  perfectly 
■ire\v  is  enluuliitwl  t«  afford  tt 
liL'   line   i>f   survey.     The  ■ 


it  the  Dow 

at  ions  aloiq 

American  obsarvutions  W 


Dutu, 
1S78. 

Local  time. 

0.1. 

Ifeedk 

No.  8. 

^ 

Spw  ITiiTtfii  .. 

JuljlT 

11  0    lo    13 

73  OB '8 

73  05  0 

Aoi. 

l,n.lm,U  .... 

„     25 

a  BS  „     1  25 

«fi  01-3 

66  oa  -a 

Moax 

A,.g.    1 

11  8     „    4  30 

66  58-5 

66  69-9 

»«. 

Il'timt  -.!!',' 

.,       8 

10  37  .,  13  6 

67  31  -2 

67  34-3 

nu 

.,        9 

8  19  „     4  23 

69  01  -5 

fi9  02-5 

aeott 

Snh'l,i.k,'riiy. 

„      14 

10  13  „  12  B& 

67  01  e 

67  CS-fl 

wM 

„     24 

12  Bl  „     2  31 

67  23  0 

67  261 

„      26 

2  59  „    3  57 

68  20-6 

„      2fl 

3  52  „    B  24 

70  19' 1 

70  16 -2 

l'..uri.'illlliili;. 

„      30 

9  1!6  ..  10  51 

71  05 '2 

71  06  a 

Clii,.,^., 

S..[,t.    2 

12  33  „     2  21 

73  40  ■! 

72  38  -7 

,,        5 

12  15  „     2  10 

72  07-0 

72  09-0 

\Vi.-liiii:;r„ii  ., 

1^ 

11  23  „     1  11 

70  47  -6 

70  45 -a 

_^B 

,.;|.„j.  ,,„f 


[n'lt-^rii,    Nn. 

IWIollowiii 


Lfli'  ponipletc  set  of  observations  with  needle  1  c 
I'll  River.  Tlii.t  was  just  concluded  whm  a 
-lonn,  wbicli  filled  the  air  with  dnst  and  nearly  n 
ill  I  III!  to  ti:e  work.  In  the  absence  of  the  reqnisite^ 
)iii,-isibli3  to  attempt  to  correct  the  foregoing  nambeTS  Bfl 
tinii,  oven  if  tliat  should  be  thongbt  necessary ;  the  tin» 
III'  survey  was  hardly  long  enough  lo  affect  the  i-esultB  tl 
■ill'  extent.  We  may,  therefore,  siifely  take  18787  lu^ 
I  lie  ohservationa. 

cti'Lii  stations  named  in  the  foregoing  table.  New  1 
jMlegheny,  and  Chicago  alone  would  e 
nil  iif  the  yearly  rate  of  change  in  the  inclinataonf  jj 
ir  wc   may   consider  Pittsburg  and  Allegheny,  wU 
ilnl  by  the  Monongabela   River,  a«  practically  ideil 

iiiu'.s   included  in    the   long   list   given   by   I"       ~ 
lir'  epoch    184'25.     (Contributions   to   Terrestrial  1 
XI 11,    "Philosophical  Transactions,"    1872.)     Tfc^ 
I  ;it  the  four  stations  at  the  two  epochs  may  be  seen  C 

tiiMe:— 

IJiji  lM-12-5. 

.      7li  tiO 

71  18 

,     72  40'5 

.     7-1  U-3 


73  05-4 
70  46-9 
72  07-5 
72  39-4 


Diff.  of  E[it>fli.         Diff-rfn 
36'2  years     . . 
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No  certain  conclosion,  hovever,  can  be  drawn  &om  thcHe  nnmbers 
reapecting  the  extent  of  the  aecnlar  change  in  this  element,  since,  as 
Mr.  Sohott'a  obeerrations  at  Washington  have  ahown,  the  dip  at  that 
place  was  on  the  increase  at  the  epoch  1842'5,  and  attained  a 
mazimnm  abont  1854'8.  DoabtlcsB  a  similar  increase  occurred  at 
New  Haven  and  Pittsbnrg  (Allegheny)  and  probably  a  maximnm 
was  also  reached  at  these  places  at  about  the  same  period.  The  result 
for  Chicago  seems  exceptional ;  I  am  hardly  inclined  to  regard  it  as 
dne  to  an  error  in  the  determination  of  the  dip  at  the  epoch  1842'5, 
on  account  of  the  nomber  and  fairly  concordant  chamcter  of  the 
observations,  which  were  all  made  at  abont  the  time  of  the  first  epoch 
hj  different  observers.     These  are— 

Loomis  1841   72  48 

Nicollet  1841 72  46 

Younghnsband  1842  . .      72  39 

Uy  own  results  agree  perfectly  among  themselves :  they  were  taken 
under  favonrablc  circuinntances,  and  so  fur  as  1  conld  Icam  from 
Professor  Colbert,  the  Director  of  the  Dearborn  Observiitory — -there 
was  nothing  in  the  spot  Helccfed  for  the  obscrrations — an  open  space 
in  the  gronndn  of  the  UniverHity  of  Chicago — which  conld  at  all 
interfere  with  the  proper  direction  of  the  needle.  Whether  Chicago 
is  affected  by  any  strong  local  disturbance  I  am  unable  to  say ;  the 
geological  characler  of  the  district  nffunls  no  evidence  »n  this  point. 

In  an  Appendix  to  the  "  United  States  Const  Survey  Report  for 
18?0,"  Mr.  Schott  has  discnsKcd  the  secular  chnnfres  in  th«  dirlina- 
tion,  dip,  and  intensity  of  the  magnetic  force  at  Wnshington.  The 
oboervations  of  inclination,  winch  extend  over  a  period  of  nearly  forty 
jears,  may  be  represented  by  the  expression — 

I=7r-33o-0'00022!)  ((-I85o-0)-0000640  (i-lHr>5)e 
— U-UUtHja'J3  (/— ]8&o)*, 

which,  as  the  accompanying  cumpnrinons  show,  gives  results  closely 
accordant  with  the  olwervcd  vahu'n. 


Date. 

Obwrvwl  Pip. 

Compulpd  Dip, 

DiffpTpnc*. 

1839-2    .. 

....       7129      .... 

..      71-3U     

—  IM>1 

1851-5    .. 

....     7132    .... 

..     7i:w    

.       -M-01 

18616    .. 

....      71-30     .... 

..      7l-3tJ     

—  IHM) 

1871-4    .. 

....      71-00     .... 

..      71-03     

.      -0-03 

1872-5     .. 

....     71-00    .... 

. .      70-97     

+U-i>3 

1873-5    .. 

....      70-97     .... 

..     709-J     

4-U-U5 
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for  wliiuh  it  was  originaliy  Tith  the 

SLTvatioiis  of  tilt!  present  epo  I  ;hott  foanj 

tin;  luiigiietic  ilip,  at  hia  obBer  rj,  to  I  70'''80  :  my  own  observfr 
tioiis  ill  the  Biimc  place,  three  moi  ,  made  it  70"-78 ;  the  valui 

calfulatctl  from  the  above  formaU  is  /U"-57,  or  14'  less  than  the  laeai 
of  our  obswviitionB,  an  amonnt,  far  in  e»'  ess  of  the  LTror  of  the  ob 
scrviiliim.  It  is  not  at  all  improbable,  as  in  leed  Mr.  Scbott  haa  alreadj 
i-emarkt'ii,  that  although  on  the  wbi  the  dip  is  decreasing  a' 
\ViiBliiii;.'tuii   there   are   eobordinate  da    of  comparatively  ato? 

dut'iLtion  during  which  an  increase  oci  tlie  former  rate  of  dimio^ 

tiini  !K.'iiig  aftiTwards  re-establisbed.  jualiiies  of  the  same  kn>3 

altlKmgh  hy  no  means  of  the  same  ez  ^l]avealao  been  traced  in  41 
[ibscrviitioiis  of  inclination  made  at  Toroi  Zii  and  Ki'w  by  Sir  EdWaBJ 
Habitiu  and  Ur.  Balfour  Stewart  (Sabii  c,  "  Phil.  Trans.,  1803j 
StfWiirt,  "Proc.  Roy.  Soc,"  vol.  iviii,  1870). 

Jntenstty. 

The  li(iri/onta]  component  of  the  earth's  ningnetic  force  wao  da| 
iiiiiiid   In    till;   method   of   vibrations  and  deflections   in  the  t 
dLSfiiljul  ill  the   "Admiralty  Manual  of  Seit-utitic   Inquiry,"  3isd( 

(ioTi,  ]xiV,'.  By  the  aid  of  the  deflections  we  obtain  ij",  or  the  B 
henncii  the  Tii;ignetic  moment  of  the  magnet  employed  and  the  faQ 
Z[)nlal  ci>(iijii>in;iit ;  from  the  vibrations  we  find  the  produdi  M| 
whiTice  eii  hui'  I'l  or  X  may  be  obtained.  The  total  force  I  is  obti* 
liy  dividiiiL,'  X  by  the  cosine  of  the  obsen-ed  dip;  and  from  &i 
rciidily  find  the  vertical  component  V  fi-om  the  formula: — 
V3  =  P-X3. 
The  liiiiil  results  are  stated  in  British  and  metrical  unite;  onei 
DTu'  siTiiiid  ^il'  nn-iui  solar  time,  and  one  grain  being  the  units  ot  n 
I  iiiir,  ;iTMi  ii]:i~M  In  the  one  caae  ;  and  one  millimetre,  one  second  of 
anil  uiic  iiiilliu'iiiiiiuie  being  the  units  in  the  other.  By  dividing 
l,,U<r  viilur.  Iiv  lU,  the  corresponding  values  in  C.  G.  ^ 
l^iiiiiil.      TIlc   fEiutof  for  converting  the   British   to   metric  vdl 

Til,.    v:,lue   of  log  ^K  at  60"  is  1-62832,  as  determined  t 

\Vhi|,,,l.,  ..  K..«., 

TliL>  ji. auction  coefficient  p.  is  0-0001615. 

Tin    i-in-n  I'tiiji)  for  temjwruture  T  to  the  adopted  standard  t 

0-ii(i01383  (f=-35°)+0-OO000%07  (C-SS"). 
Tlie  enrrii-lii>ii  for  error  of  graduation  of  the  b         1      tctioa  b 
1  f,,ut  i>  -U-MUU135  foot  and  at  1-5  foot  ~0  00        fi 
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The  fcimes  of  vibration  given  in  the  table  are,  in  all  cases,  obtained 
from  the  means  of  14  observations  of  the  time  required  by  the  magnet 
to  make  100  vibrations  :  no  correction  has  been  applied  for  semi-aro 
of  vibration  which  at  the  commencement  of  the  observations  was 
always  below  50' ;  at  two  stations  only,  viz.,  at  Salt  Lake  City  and  at 
Cooncil  Blnffs — where  the  rate  of  the  chronometer  exceeded  3  seconds, 

was  it  necessary  to  apply  the  correction  1— -.     The  observed 

^         ^^^  86400 

time  of  vibration  has  been  also  duly  corrected  for  the  torsion-force  of 
the  saspending  thread.  The  angular  value  of  1  division  of  the  scale 
of  the  vibration  magnet  is  2'  12''  :  that  of  the  deflection  apparatos 
is  60"-5. 

The  mean  value  of  P  in  the  formula  ---= 


X'V        roM 


was  —0-002357. 


Tables  III  and  IIIa  contain  the  details  of  the  several  observations. 


Table  III. — Deflection  Observations. 


Station. 


G.  M.  Time. 


How  HftTen  .  •  • . 

La  Jimta 

Ifmnitou    

vntftnt 

SdtLakeCitj  .. 

Ogden  

OvBon  RiTcr .... 
GnuidliUnd  .. 
Ooqncn  Bluffs  . . 

Ohioago 

Allegheny 


Julj 


»> 


>» 


Aug. 


it 


»» 


I) 


>» 


If 


» 


d.  h. 

1711 

11 

18    4 

5 

23    9 

9 

6    7 

7 

8  11 

12 

14  10 

10 

2411 

11 

26    5 

6 

28    8 

9 


80 


Sept.   2 


If 


It 


8 


5 
5 

8 
9 
8 
8 
7 
7 


m. 

14  A.M. 
5K     „ 
48  P.M. 
28     „ 

14  A.M. 

51     „ 

05  A.M. 

46     „ 

4-1  A.M. 

11       M 

06  A.M. 

42     ,. 
16  A.M. 

48     „ 
39  P.M. 
03     ,. 

59  A.M. 

36     „ 
30  a.m. 
57     „ 
50  a.m. 
27 
09 
40 
20 
53 


>» 
»» 


Distances 

of 

Tempe- 

Centres of 

rature. 

Magnets. 

foot. 

o 

10 

77- 

7 

1-3 

78' 

0 

10 

99 

8 

1-3 

100 

0 

10 

93 

0 

13 

93 

6 

10 

86 

4 

13 

86 

0 

10 

87 

7 

13 

87 

9 

10 

94 

9 

1-3 

94 

'4 

10 

90 

•0 

1-3 

89 

■4 

10 

87 

2 

1-3 

87' 

0 

1  0 

83 

6 

1-3 

83 

■8 

10 

84 

9 

1-3 

84 

4 

10 

H-t 

0 

13 

83 

1-0 

7s 

4 

13 

79 

0 

10 

77 

9 

1-3 

78 

1 

Observed 
Deflection. 


o        / 

16  42 

7  30 
16  36 

7  28 
12  03 

5  27 
12  33 

5  40 
12  45 

5  46 
12  39 

5  44 

12  47 
5  47 

13  12 

5  58 

13  55 

6  17 

14  33 

6  31 

15  39 

7  03 
15  25 

6  57 

14  .36 

6  35 


26 

55 

07*5 

53 

3^i 

51 

47 

40 

52-5 

52 

57  5 

13 

3<; 

53  -5 

05-5 

16 

31 

39-5 

28 

36 

30 

45 

41 

56-5 

11 

59 


Log^. 


9  16182 
916120 
9*16136 
9  16146 
9  02471 
9  -02492 
9  04109 
9  04113 
9*04847 
9  ^4875 
9  0*^90 
9-04609 
9 -01967 
9  05021 
9  06278 
9-06263 
9-08518 
9  08613 
9-10420 
9  10416 
9  13500 

9-iat9o 

9  12820 
•12;i49 
-10I83 


9 
9 


9-10506 
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Table  niA.— Vi                    le 

1 

rvntionB. 

■ 

Ktaii.m. 

Dal«. 

™tiu¥. 

Time  of 
508  Vi- 

Log«X. 

rdueofw 

.V,.i.  ilu>,.ii  .... 
L»J.mli,  

Mliuilnii      

11l'iiv,t 

SiiJi  liikL' t:ii> .. 

1 

Cunui'il  V.U.lU  .. 
AIMll'lH 

U'tohi.i;:t(in  .... 

d.   h.  m. 
Julvl71ll2*.M. 
1124    „ 
„      18    4  05  P.M. 

*ir  „ 

„      25  1104i,M. 

11  H     „ 

Aug.    6    B15A.K. 

„       8  1104i.'M. 
11  15     „ 

4  31     „ 
„       14  1112A.K, 

1123     „ 
„     15    5  05  P.M. 

5  16    „ 
„      24  10  43  l.W 

10  5-1     „ 
„      2G    S  03  P.M. 

5  14     „ 
„     28    7  04  p.m. 

7  15     „ 

„      30    3  03  p.m. 

3  16     „ 

S,'pf.   2    3  06  p.m. 

3  18     „ 
„        5    4  39  p.m. 

4  51     „ 
„        8    6  37p.» 

6  49    ,. 

75° 
74 
95 
95 
100 
98 
85 
Hi 
98 
97 
72 
72 
96 
94 
95 
94 
101 
102 
87 
86 
95 
91 
84 
83 
88 
SU 
85 
80 

77 

0 

7 

0 
6 

0 

0 

7 

0 
0 

■i 

0 

8 
0 
5 

5 
0 
0 

7 

0 
5 
0 

7 

0 
2 
& 

0 

0 

4 

4 

3 
3 
3 
3 
3 
3 
4 
4 

3 
3 

3 
3 
4 

4 
4 

4 

4 
4 
4 

4 
4 
4 
4 

4450 
iG73 
4539 
3162 
8162 
8947 
8967 
9296 
9300 
0230 
0229 
9200 
9196 
9223 
9219 
9564 
9559 
0034 
0030 
1087 
1087 
2010 
2007 
3550 
3549 
3193 
3191 
1997 
1996 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

33508 
d3461 
46943 
15025 
44388 
42116 
44560 
41W9 
43S09 
42614 
40460 
3S439 
36350 
36018 
38405 

0  55a9 

0'&oS7 
0  6568 
0-5B76 
0-G670 

0'66« 

O'GUT 
0  665a 
0'6M? 
O'UGO 

0«6iH 

O-60a 

TllC     fill.vl     IVH 

T;.l.k-lllK 

nils   of  tlic   iDte 

iBity 

ob 

at  ion 

tained  1 
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Hew  Haren 

Ia  Janta 

Xftnitou 

PenTer 

Ghfljeone 

Salt  I^ke  City 

Ogden 

Gmn  Birer 

Gimnd  Island 

Council  Bluffs  .... 

Cbioago 

AfleKhen J 

Watnington 


British  Units. 


Hori- 
zontal 
Force. 


•8610 
•2761 
•0649 
•9847 
•7318 
0061 
•9440 
4-8069 
4-6676 
4-8663 
4  0671 
41294 
4^3608 


3 
6 
6 

4 
4 
6 

4 


Vertical 
Force. 


12  -7001 
11  -8717 

11  9245 

12  0619 
12*3561 
11  -8166 

11  -8821 
12-1018 

12  -7531 

12  -7493 

13  0232 
12  80iO 
12-5096 


Total 
Force. 


Metric  Uuitf. 


Hori- 
zontal 
Force. 


13 
12 
12 
13 
13 
12 
12 
13 
13 
13 
13 
13 
13 


•2740 

9913 

-9555 

•0513 

•2322 

•8324 

-8696 

•0213 

•5463 

-4763 

a435 

-4534 

2479 


1-7802 
2  -4327 
2-3353 
2-2983 
2  1831 
2  3082 
2-2796 
2'2Un 
2  1060 
2  01 32 

1  -8753 
1-9010 

2  0107 


Vortical 

Total 

Force. 

Force. 

5  -8558 

6-1204 

5  -4738 

6  9900 

5-4981 

6  -9735 

6  -5616 

6  0177 

5-6972 

6  1011 

5  '4ri79 

5-9168 

5-4786 

6-9339 

5  5813 

6  0052 

5-8802 

6  -2469 

5  -8784 

6-2137 

6  0047 

6-2907 

5  •(H)37 

6*2031 

5  -7679 

6  1063 

The  following  observations  of  horizontal  force  in  abKolato  measnre 
irere  made  at  Kew  with  the  Owens  College  aniiilar  before  and  after 
tiie  American  observations. 


O.ILT. 


bu  m« 

4  24      . 

502      . 

O.ILT 

h.  in. 

8  07 

3  19 

June  7,  1878. — Deflection  Observations. 

Distance  of  centre      r^     „  Observed 

of  magnets.  deflection. 

1-0      . .       77  -4    . .       IG  29  18      . 
.       1-3      . .       77-4,    ..         7  25  46      . 


Log^^ 


9  15021 
9  15610 


Vibration  Observations. 
Tomp.  Time  of  the  vibration.  Log  mX. 

sec. 

4-4231  0-33899 

74-6  4-4230  


74-6 


a.  M  .T. 


B.  m* 

2  57      .. 

8  24      .. 

O.  M.  T. 

h.  m* 

2  10 

2  22 

October  2.  1878. — Deflection  Observations. 

Distance  of  centre     r^^^^  Ob!*t»rved 

of  magnets.  deflection. 

1^«  o  o        I      a 

1-0       . .       64  7     . .        16  21  33       . . 
1-3       ..       61.7     ..         7  22  11       .. 

Vibration  Ob.servations. 
Temp.  Time  of  the  vibmtion. 

61 7     4  -4399     

61  7    4-4400    


m 


Log.-"! 
*    X 


9-15174 
9  15153 


Log  mX. 


0-33458 


Kew,  Jnne  7,1878.-1.     0  5592-1 

n.  05592/^^^ 
Oct.  2,  1878.     I.    0  55361 
II.  0-6534/ ' 


« 


>  -5535 


a  of  these  observations  i 


litJu  at  about  the  8i 


e  period 


I  ared  with  tlioee  of  the  Kan 
1  as  follows  ; — 


Horizontal  force.      Di2. 
May    27,  1878.         3-89S8 
Sept.  7,     „         r=3-9030 
ri=3'9034 

Sept.  24, 1878.         3-8902 
Oct.    2,     „  r=39032 

ri= 3-9041 

iiiL,'  HiL'se  results  with  the  respective  values  for  the  i 
nil   bv  the  several  inatruments,  we  have  tho  follomoff'  I 
ill  tiTiniuationB    of   the   magnetic   intensity,    ' 


w  I'liifihir, 
.■c-,..s  Coilrge 


Owens  College  Unifilar. 


■nfs  ..      May,  1878. 

;  Instriimeuts     Jime     „ 


■i,ts  . .      Sept. 

■  Instruments     Oct. 


Horizontal.  VerticaL 
3-89G  9-516 
3-903        9-525 


3-89(; 
3-904 


9-531 


.■s  the  values  in  British  unils  of  the  t<>tal  foMQj 

Ktationa  as  are  mentioned  in  Sir  Edward  Sftti 
I  Terrestrial  Magnetism,"  Nd.  XlII  ("  Philoa 
2,"')  at  the  two  epochs  1842-5  and  1878-7. 


^Vil^lurl 

Ml-llillg     I 


Table  IV. 

IB  12 -5. 
13-'.       .... 

1K73  7. 
13-45 

13-37     .... 

V.:-17 

13-78    .... 

13-« 

13-5       .... 

13-25 

Jlr.   Rehott,  the  horizontJil  force  at  Washingtoa-V 
■rrnsin-  since  1853-6.      From  observati. 
t)int  the  valne  of  this  element  may  be       iresestsfl^ 


X=t27u  +  0-00084(<-1855-0) +  0-000248  ((-1855-0)*. 
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For  the  present  epooli  the  calculated  value  is  4'4292.  tSj  deter- 
mmationa  gave  4'8608,  in  close  accordance  with  Mr.  Scbott'§  obnm- 
Tktion  made  on  Jnne  19, 1878,  of  4366.  The  difference  between  the 
obeerred  and  compnted  values  affords  further  evidence  of  the  &ot 
pointed  out  by  TSr.  Schott,  that  the  secotar  chungeB  in  the  neighbour- 
hood of  Wasbingtoa  are  of  a  mixed  progressivB,  and  periodic 
character.  The  divergences  exhibited  both  in  this  case  and  in  that  of 
the  dip,  further  show  how  very  ansafe  it  is  to  employ  nnmerical 
formnln  of  this  kind  beyond  the  limits  of  the  time  within  which  the 
observations  upon  which  they  are  based  are  comprised. 

Dedi'iiaHon. 

The  nnifilar  magnetometer  was  provided  with  a  mirror  and  hori- 
loiital  telescope  in  accordance  with  the  plan  first  proposed  by  Dr. 
Lloyd  in  the  "  Proceedings  of  the  Royal  Irish  Academy  "  for  1858 ; 
hence  the  observations  coald  bo  carried  out  in  the  manner  described 
by  Hr.  Welsh  in  the  "  Admiralty  Manual  of  Scipotitic  Inquiry." 

Aa  a  rule,  aix  readings  of  the  position  of  the  magnet  were  taken ; 
three  of  these  were  with  the  scale  erect  and  three  with  the  scale 
inverted  :  at  Cheyenne,  however,  owing  to  lack  of  time,  only  four 
obeervations  were  possible. 

Care  was  always  taken  that  the  trans  it- mirror  was  in  adjustment 
before  commencing  the  observations.  The  operation  of  adjustment 
for  collimation- error  was  greatly  facilitated  by  a  neat  contrivance 
which  Dr.  Balfour  Stewart  had  caused  to  be  introduced  in  the  origi- 
Dkl  onnstmction  of  the  instrument.  In  order  to  eliminate  any  error 
which  might  arise  from  the  plane  of  tlic  mirror  not  being  parallel  to 
its  Bxia,  the  observations  were  always  made  first  with  the  mirror  in  its 
normal  position  and  then  after  reversal  on  its  bearings.  Care,  too, 
was  always  taken  to  remove,  as  far  as  practicable,  all  torsion  from  the 
nupending  thread.  When  time  permitted,  the  magnet  was  replaced 
by  a  torsion- plummet  of  equal  weight,  the  position  of  which  was 
noted  after  an  interval  of  an  hour  or  so,  a  suitable  correction  being 
^>plied  to  the  original  ohservatiDU  if  it  WL're  funiid  that  any  torsion 
■till  remained  in  the  thread. 

Aa  the  correct  determination  of  the  sun's  azimuUi  was  mainly 
dependent  upon  an  accurate  knowledge  of  local  time,  every  oppor- 
tnnify  was  taken  to  ascertain  the  errors  and  rales  of  tlie  chronometers 
employed.  In  order  to  guard  against  the  pOKsiblc  accidents  of  travel 
orer  a  country  bo  rough  and  diflicult  as  thnt  of  many  parts  of  Western 
America,  I  provided  mysulf  with  three  of  these  instruments.  That 
lent  to  me  by  Dr.  Stewart  was  a  Inrge-sizcif  mariue  clm>nomctcr,  by 
Frodaham,  No.  4,066;  in  addition,  I  hired  a  jtocket  instrument  from 

*tut   BRi.    m.L-srs    Kn    r,C,ri.     H-lnr-l.    1....1    >>.>l.>ivf<.l    w.-ll    ah  a   ■' hack  " 


^ 

■■ 

34fi                               ■ 

^       ^ 

liorizon tally   in  its   case   i 

nrtrument  ] 

was  inik-bteJ  to  Mr.  George        t, 

[-knonTi  fa 

Liia  horologiciil  skill  add  knov 

1  a  remarKaoiy  well-fiuishei 

nstmnifnt  by  Kahlberg,        .  t,i.i.S, 

"or   fliiutuiitions    of    tempo      are.      ' 

)wcns  College  instmnient 

lOTi'DVfr,  w't-nt  so  well  throu     lout 

:ire  journey  that  I  used  i 

eiduaively,  relying  oa  the  oti              inly 

r  compariHoiiB.     At  serani 

of  tbe  stations,  viz.,  at  Ogden,  Uh:         , 

ilegbeny,  and  Waahtngt^ 
the  observatoriea  at  tham 

1  was  able,   tbmika  to  the  Dire      rs 

ilaces,  to  make  comparisons  with  i 

1  instruments;  at  La  Jaafl 

the  pTTora  and  rates  were  furaishecl  to  me 

by  Professor  Hall ;  on  oibti 

OL-easions  I  obtained  the  time  from  Dr.  Schuster's  observationB. 

Table  V. 

Date. 

Error  on 
Q.  M.  T. 

Daily 

Remftrhi. 

Post     OOm 

.,   ".'.'.'.'.'/.'.'.     J  ano    ~3  -04 

1  ail-0    „ 

+  1-38 

„           S'Ol 

1  23  8    ,. 

+  1-03 

p.m.  time  dgBI 

„      14 -oy 

118-0     „ 

-fO-97 

P.  0.  tim«  (igii 

"  :;.":;■;.■"   ;:   ie-i? 

1  04  -4    " 

VAl- 

and       Frad^ll 

.^,674. 

S,S--0,Tiiiiiiii,.'"  July       4-04 

0  57-0     „ 

+  0-99/ 

Time  gun.*  lit. 

.,       12  -21! 

0  4il  -3     ., 

+  0-94/ 

BuMottBW.   - 

Nri.  Int-k 20'3l 

0  40-3     „ 

.i-n{ 

effu      Btaun< 

I,li.1ii.i<ii..,    --       .,       25-17 
27-43 

0  39-7     ,. 
t1  34  -5     ,. 

r 

■^2■30 

Kesu»  1,340- Oh- 
88rvatio,.»       fM- 
Di.lied   bj   Prat. 

1     ..       ao 

O'ar-B    ,. 

■4-3  86 ■ 

A«pb  Hiill. 

-M'liii-ii Aug,    4to6 

+  2-S5 

II" r M-2b 

0  03  -7     „ 

tioni      by      Dr. 

>:Al   l,;il,.-lH..           „         17-81 

0  33-1  fast 

+  3-00 

ScllUBtor. 
Compnriiuii     with. 

M..|,ii £3-fi7 

0  40'l!    „ 

■^2-59 

Nepia    !■"!  Sy 

2\-m 

0  52-1     „ 

+  3-60' 

(;r-..i,  iir.iT,..         „        2fi-2fl 

0  58-4    „ 

Cmi'.l  1- i-           .,        a8'2H 

1  10-8    „ 

1' 'ii  liiiii!- .      „      ao-E7 

1  17-8    „ 

■^3■B0 

'I.I."-'.. --    s,.|,t.     i.ei) 

2.G7 

I  24  ■*    „ 

1  27-0    „ 

■^3-73 

+  2-ai 

Vp"r'^a 

.\]Ii.:|...rii  ,.    .           „           !T-.|B 

1  34-0    .. 

+  2-B9 

r 

TN^niNT^^M 

1  3S-3     „ 

42-00^ 

^ 

""•*"•"■    ^ 

fl 
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Table  V  shows  the  error  and  rate  of  chronometer  Frod8ham^4066, 
daring  the  course  of  the  journey.  ^/0'^^^ 

Comparative  observations  were  made  at  Kew  before  and  after  the 
survey  between  the  nnitilar  employed  in  the  regular  monthly  determi- 
nations at  that  observatory  and  the  Owens  College  iastruments,  with 
the  following  results  : — 


Kew  Declinometer  . .  May  29, 1878. 

»»  »»  •  •  •  •  i>       0\J^ 

Owens  College  Declinometer. .  June  7, 

Kew  Declinometer     . .  . .  Sept.  25, 

Owens  College  Declinometer. .  Oct.     3, 


Declination. 

78. 

19  13  36  W 
19  17  44 
19  12  03 

»> 

1) 

19  12  10 
19  13  33 
19  14  01 

The  observations  for  the  determination  of  the  astronomical  meridian 
at  tlie  several  stations  are  given  in  Table  Yl. 


Table  VI. 


Stetaon. 

Local  apparent      ^  Circle    ' 
Date,      time  of  paBMge       ^cadinB         ©Bearing, 
of  0  centre.                   ^' 

1 

Meridian 

reailing  of 

circle. 

Kew  Haven. . 

Juljr  18 

7  44  24 -6  A.M.-  30  06  35       90  04  50  E. 

Q             1             II 

300  01  4o 

La  Junta    . . 

„     29 

6  40  54 '4  P.M.  203  10  42 '5i  77  48  22  W. 

280  03  01 

Denver 

Aug.    8 

9  28  00'2a.v.!  37  44  22      113  18  13  £. 

284  26  09 

Cheynne 

„     10 

11  15  38-3    „     10  55  22-5156  11  16  „ 

214  44  16 

SaltLakeCitj 

„     15 

10  83  12-8    „  '247  00  10     138  27  17  „ 

:  288  32  53 

Green  River 

„     26 

9  00  14  -9    „ 

27  08  43      115  09  23  „ 

'  271  59  20 

Grand  Island 

„     28  10  11  12  0    „ 

76  13  46      134  46  10  i, 

;  3ul  27  86 

Council  Bluffc 

„     30  1  7  37  12 -8    „ 

45  26  56       99  27  40  „ 

•  305  59  16 

Chicago 

Sept.    2    4  10  39  0P.M..193  11  46      102  56  00  \V. 

296  07  46 

Allegheny   .. 

„       5 

4  28  49  '3     „ 

20  18  38    1  99  58  11  „ 

.  120  16  49 

ft 

»>        )»  ■       •  •          •  • 

••        .•           ••          •• 

1  120  22  37» 

Waihington 

II             V              ..                 .*                     ••             ••                  ••                 .. 

1  115  18  37» 

1 

•  ObBerratorv  fixovl  uiHrk^. 


The  corresponding  azimnthal  readings  of  the  magnet  are  contained 
in  Table  VIa. 


I  lia-Vf  not  attempted  to  correct  these  results  for  diurnal  range. 
Acmi'atp  iibsiTviilions  of  dailj  change  hnre  been  made  at  Pliiladelplii*, 
'Wasliuig'liui,  and  Key  West  in  Florida,  and  on  the  assumption  thftt 
Hiu  niiiKe  of  tlie  dnily  variation  is  jnvofBely  pi'oportioiial  to  the  hoii- 
aontai  IbrCPi  the  divta  derived  from  these  obriervatioiiH  may  perhaps  b» 
t'oiisidtTfd  as  fairly  applicable  to  any  place  in  the  United  States.  But 
such  caiTtot  ions  are  at  best  very  a osatis factory,  as  the  epochs  of  tiu 
cxtrrnm  posiliims  arp  snbjoct  (o  very  great  flactuations  on  accoantof 


ilisin 
whidi  my 
niii^-rirt,,  ]\ 
lieiLPi'ilie 

OljMTVf 

Cohtniliiii, 

Tll..'sO  lli.v 


:  tliL'se  are  usually  most  prevalent  at  about  the  time  all 
wi>rvationa  were  made,  viz.,  August  and  September,  Tfafl 
i.'viT,  waa  always  quiet  during  the  time  of  observ&taoii; 
■rt'tticm  due  to  diurnal  range  woald  seldom  exceed  S'orli'* 
US  of  declination  have  been  made  in  tbo  district  of 
ivUieii  Washington  is  situated,  from  as  far  back  M  179S<< 
ii'On  collected  and  discnaaed  by  Mr.  SchoU  in  tl 
'd  to,  and  represented  by  him  by  the  formula^ 


1)  =  1°' 


fr-aOsin  Cl'5n-2-r]), 


lumber  of  years  since 

es»ed  in  degrees, 

tion  V  was  given  by  the  formuli 


id  D  the  declinatiun. 


!'-985  t 


■1  (l-5«  +  GG"). 


w^  lormnla  gives  the  value  of  the  i 
for   IHHO  as   a°  16'.     The   observed 
sidf  iiihly  exceeds  the  latt-er  value, 
ii'rvafion  made  on  Juno  15,  18"S, 


I  for  IB704tfH 
u,  howflvaf^-fl 
t  informs  tillfiB 
I'?' ;  my  owii>H 


A  Magnetic  Survey  of  the  Fortieth  Parallel.  149 

determiziation  on  September  8, 1878,  was  3^  42' '85  (uncoirected  for 
diamal  range). 

In  a  later  publication  "  On  the  Secnlar  Change  of  the  Magnetic 
Declination  in  the  United  States  and  other  parts  of  North  America  '* 
(United  States  Coast  Survey  Report  for  1874,  Appendix  No.  8),  Mr. 
Schoti  adopts  the  formula 

D=r79  +  r-90sin  (l-5m  +  5°-9), 

wliere  m  is  the  number  of  years  and  fraction  of  a  year  since  1850 ; 
bat  this  expression  also  affords  lower  values  than  those  actually  ob- 
eerFed.  The  value  for  1880,  for  example,  is  given  as  3°  15''6,  and  for 
1870  as  2^  54'.  Mr.  Schott  has  also  discussed  (loc.  cit,)  the  various 
observations  made  at  New  Haven,  Connecticut,  since  1761,  and 
has  represented  them  by  the  expression 

D= -f  7-83 +316  sin  (r4m-2r-G), 

where  m  has  the  same  signification  as  in  the  last  formula.  The 
aannal  change  is  at  present  about  4i''3.  This  would  give  for  1878'6 
the  value  8°  45',  which  agrees  very  closely  with  that  actually  observed. 
Sir  Edward  Sabine's  collections  afibrd  the  following  data  for  further 
comparison : — 

Diff.of    Yearly 
Date.        Declination.        Date.     Declination,  epoch.    Change. 

Yean. 

Salt  Lake  City . .  1850  15  34  E.  18787  16  48  E.  287  -2-6 
Pitteburg  ..1840-5      0  08  W.        „  2  21  W.   382      +35 

..1845-5      0  33W.        „  2  21  W.  332      +33 

At  Salt  Lake  City  I  was  informed  by  Mr.  Orson  Pratt,  who  led  the 
iint  band  of  Mormons  into  Utah,  that  ho  had  determined  the  magnetic 
declination  on  what  is  now  the  site  of  the  Mormon  Tabernacle,  and  he 
waa  ao  good  as  to  afford  me  the  following  extract  from  his  journal : — 
"  July  80,  1847.  I  took  several  observations  during  the  day  of  the 
nm'B  asimnths  and  altitudes,  and  by  means  of  seven  calculations  I 
aacertained  the  variation  of  the  magnetic  needle  to  be  15^  47'  23"  E. 
Inatraments,  sextant  and  ordinary  azimuth  compass.*  * 

Li  concluding,  I  wish  to  tender  my  thanks  to  the  various  officials 
conxiected  with  the  public  service  in  America  with  whom  I  came 
in  contact,  for  the  prompt  and  courteous  manner  with  which  all 
our  requirements  relating  to  the  magnetic  work  were  met.  To 
General  Smith,  commanding  at  Fort  Lyon,  in  Colorado,  we  were  in- 
debted for  the  loan  of  a  tent  which  was  placed  at  our  disposal  during 
the  whole  of  our  journey ;  Rcar-Admiral  Rodgers,  the  Director  of  the 
United  States  Naval  Observatory  at  Washington,  furnished  us  with 
mapa  and  letters,  and  procured  us  special  facilities  from  certain  of 
the  railroad  companies,  and  otherwise  showed  his  interest  in  the  work. 


A.|,IriHUuii.    April  26, 1879.  1879. 

Since  sending  in  t!ie  for      J        o  inication  to  the  Society,  I 

Lave  received  the  following  I  fr<        Mr.  C.   A.  Schott,  of    the 

United  .Stiitps  Coast  Snrvey  De]  ,  respecting  the  inadequacy 

of  the  foi-Qiula  published  in  the  t  of  1870,  aa  representing  the 

values  of  tlie  inagnetic  elements  at         p:     lent  time. 

It  will  bo  noticed  that  Mr.  Schi  »nt  ms  my  obeervatlona  on  this 
point ;  :ind  by  permission  of  the  lent  of  the  Survey,  he  sends 

amended  formula  for  dip,  declination  and  horizontal  force  which 
rcpre.seiit  wiili  sufficient  accuracy  both  i;s  of  observations,  via.,  his 
made  in  June,  iind  mine  made  in  Sep     nber,  1878. 


nited  States  Coast  Survey  Office, 

Washington,  March  28th,  1879. 


My 


I  lla^tl'll  to  reply  to  yours  of  March  13,  ro.specting  magnetio  obBOr- 
TOtioiis  in  tlii-s  city.  The  formnlce  in  the  1  ^70  Report  undoubtedly  fftil 
to  represent  ailcipiately  our  late  obBervations,  a  contingency  which  wtui 
referred  to  in  tlie  concluding  |>aragraph  of  tliat  report:  "Thoy  ahoold 
nut  be  used  much  beyond  the  time  for  which  they  are  supported  by 
obscrviitioUM."  There  is  nothing  unusual  going  on  in  the  behaviour 
of  terrestrial  miignutism  in  this  locality,  and  tbe  dip  and  intensity 
t'ormulie  may  Ix,'  easily  amended  to  represent  our  obaervationa,  but  in 
regard  to  the  declination  there  is  a  disturbing  element  introduced, 
vlii. :  thf 'I'll  n,j>;  I'j' elalion  in  1876,  which  developed  a  local  differenoB 
of  liO'  ji<  iiiMi'  i\s  1  can  judge;  whether  the  old  or  new  place  is  tiha 
more  tiorniiil  one  1  cnnnot  say.  There  is  apparently  no  difference  io 
dip  and  intensity.  Considering  the  diaaimilarity  of  the  instrumente 
used  our  ubservations  agree  well,  indeed  they  accord  within  the  dailf 
varialii.iiis  oE  the  magnetic  force.  By  permission  of  the  Superia- 
tcnflciit  of  llie  Survey,  I  enclose  the  latest  formul©  for  decliaation, 
<lip,  ;iMd  iiihiii-iiy  in  this  place,  aa  well  as  my  observations  of  last  year; 
tbcy  :iit:-- 

Tiic  Tii;iL.rL.nc  <lip  observed  at  Washington  between  1839  a 
run  be  jT]iri'.scnted  by  the  formula — 

I  =  rr  :;;;.'. -ijrj00229(i-1655-0)-O-000640 {(-1855-0)3 

-o-oaotji*:i  (i-i865-o)», 

wliirli  will  Iciivc  no  greater  differences  than  those  giv 
fnniiiila.  (  IUpi>it  of  1870.)  The  magnetic  horiEootal 
KiTvcd  brcvecii  1^112  and  1879  is  represented  by 

II  ;=4-:;7ii  +  lJ'00084  (4-1856 ■0)  +  0'au0130(i- 
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irhioli  will  leave  differences  of  about  the  same  character  as  those 
giren  by  the  old  formnla. 

The  Terj  nature  of  these  functions  precludes  them  from  answering 
tot  any  length  of  time,  aud  as  soon  as  the  case  becomes  ripe,  I  shall 
sabatitnte  harmonic  functions. 

The  following  is  an  improved  formula  for  the  declination  at 
Washington,  prepared  for  a  new  edition  of  the  paper  in  the  1874 
Report: 

D=+2°-19  +  2**-22sin(l-4/>i-6°G), 

it  represents  the  observations  between  1792  and  1879;  m=/  — 
18500. 

These  observations  are  difficult  to  manage  on  account  of  con- 
fdderable  local  deflection  in  this  vicinity  produced  by  iron  (bog-ore) 
which  in  many  places  crops  out  to  the  surface. 

Our  observations  compare  as  follows : 

In  latitude  38°  53'-2 :  longitude  17""  00-4. 

Declin.  Dip.  Hor.  Inten. 


O         / 


June  14, 15, 17.     C.  A.  Schott     ,,     3  47     . .      7049     . .     4*366 
Sept.  8, 1878.        T.  E.  Thorpe    . .      3  43     . .      7u 47     . .      4361 

Yours  very  truly, 

Ceas.  a.  Schott. 
Dp.  T.  B.  Thorpe, 

Yorkshire  College,  Leeds,  England. 
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wlnoh  will  leaye  differences  of  about  the  same  character  as  u£6^ 
giren  by  the  old  formula.  ^ 

The  Tery  i^ture  of  these  functions  precludes  them  from  answering 
fbr  anj  length  of  time,  and  as  soon  as  the  case  becomes  ripe,  I  shall 
•nbsiitiLte  harmonic  functions. 

The  following  is  an  improved  formula  for  the  declination  at 
Waahing^n,  prepared  for  a  new  edition  of  the  paper  in  the  1874 
Report: 

D=  +2°-19+2''-22sin  (l-4m-6°-6), 

it  represents  the  observations  between  1792  and  1879;  m==t— 
185(H). 

Theie  observations  are  difficult  to  manage  on  account  of  con- 
sodeisble  local  deflection  in  this  vicinity  produced  by  iron  (bog-ore) 
ifliioh  in  many  places  crops  out  to  the  surface. 

Our  observations  compare  as  follows : 

In  latitude  38°  53'-2 :  longitude  77°  00 -4. 

Declin.  Dip.  Hor.  Inten. 


o        / 


June  14, 15, 17.    C.  A.  Schott    . .     3  47    . .     70*49     . .     4*366 
Sept.  8, 1878.       T.  E.  Thorpe    . .     3  43    . .     70*47     . .     4*361 

Yours  very  truly, 

Chas.  a.  Schott. 
Dr.  T.  B.  Thorpe, 

Yorkshire  College,  Leeds,  England. 
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THE  PEESIDENT      the  Cliair. 

Tlic  Presents  received  ■were  laid  ■  table  and  thanka  ordered  (or 


Tlif  following  Papers  were  read : — 

I.  "Oil  tlie  Spect^a  of  the  CompouiidM  uf  Carbon  with  Hy- 
drogen and  Nitrogen."  By  G.  B.  Lrv'ElNG,  M.A..  FJl-S.. 
Professor  of  Chemistry,  and  J,  I  ;war,  M.A.,  F.R.S.,  Jack- 
sdiiiau  Professor,  Univereity  of  Cambridge.  Received 
Frliniury  2,  1S80. 

Tn  !i  iiieiiKiir  "  On  the  Spectra  of  .lloida  "  ("  Nova  Acta  Reg. 

Sue.  L'i>siil.,"  scr.  iii,  vol.  ix),  Ad  tr>  i  anfl  ThaJen  have  made  a 
f;ireful  fiiialysis  of  the  different  ■  a.^sitrned  to  carbon.  They 
distiii^uisli  four  sets  of  groups  of  shaded  bands  produced  under  dif- 
ferent circiinistancofl,  which  they  define,  besides  the  line  epectnus 
whieii  tliej  if^eribe  to  carbon  itaelf.  Of  those  fonr  sets  of  bands,  two 
si'f.-i,  silii;ii('il  ill  the  eitremitiea  of  the  eprctrum,  they  show  to  be 
piMilncfd  ill  tlic  oiimbTistion  of  cyanogen,  a  third  to  bo  common  to  all 
tlie  liydivH-avlpoTis,  and  the  fourth  to  be  proiJueod  by  carbonic  oxi^ 
TIic  [ir-l  lw(i  wts,  the  third,  and  the  fourth  set*  respectively,  ihfl^ 
uiwrv-ni  tn  !>!■  firiiduced  also  in  the  electric  discharge  between  carbcBt 
elertfui!i.-;  ;ii.'c(Tdinc;  aa  it  took  place  in  nitrogen,  hydrogen,  or  oxygsS> 
Tlieir  ifcrrv.ntinns  on  this  subject  appear  to  us  almost  couclnsiWi 
Nrvfi-llu'los.s  other  observers  have,  since  their  publication,  maintajnad 

'I'lir  spritinnri  of  hydrocarbons  burning  in  air  has  been  repeateAy 
.1.-,  i-ib,.,l  :  lir,-!  by  Swan  in  185(3,  and  afterwards  by  Altfield.  Watte, 
.Miir-F  11.  I 'I'iiliir,  Boisbaiidrau  and  others,  and  has  been  given  IH- 
i|.t:iLl  liy  l'i;i//.i  Smyth  ("End  on  Ilium inatioii  in  Private  Speoteffc^ 
.•-i<>|py  "  I.  'I'lh-  characteristic  part  of  this  spectrum  consists  of  fanB* 
Mi-.iN]-  •■f  I'lLiui-  of  fine  lines  in  the  orange,  yellow,  green,  and  Miaif 
i-r',-i|nitii.i  I V,  iiutl  wo  refer  hereafter  to  these  as  the  bydrooarboft 
l,.iiii|<,  Ifii  — ■  frinr  groups,  according  to  Pliicker  and  Hittorf,  tStii 
ii.ii-i  i' iHe'  ilie  sjiLTti'um  of  the  discharge  of  an  indr-''-n  coil  in  fljl* 
riiiiiri-iilurr  nl"  hydrogen  between  carbon  electrodes.  T  ey  are  aloO' 
innvj.iriin:-.  in  ilie  electric  diacharge  in  defiant  gas  t  the  atnw^' 
sjilnrli'  :iii'l  ;it   i-eihieed  pressures. 

'I'lif  III  -rripliuns  of  tho  other  less  conapJcuona  parte  of     ae  spectnOB 
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of  tke  flame  of  hydrocarbons  are  not  all  concordant.  Boisbaudran 
notices,  besides  the  f onr  hydrocarbon  bands,  only  two  hazy  bands  in 
the  indigo.  Watts  (*'  Phil.  Mag.,'*  1869  and  1871)  and  Piazzi  Smyth 
give  the  same  two  bands  somewhat  wider,  and  resolved  into  a  series 
of  fine  lines.  These  two  observers  are  in  substantial  agreement  about 
this  part  of  the  spectrum,  but  Piazzi  Smyth  notices  in  addition  a 
faint  haze  in  the  red  below  C. 

Pliicker  and  Hittorf  notice  the  entire  absence  in  the  flame  of 
olefiant  gas  of  the  two  bright  groups  of  lines  (blue  and  violet  as 
described  below)  characteristic  of  the  flame  of  cyanogen,  and  the 
presence  of  a  series  of  dark  lines  on  a  violet  background  in  a  position 
intermediate  between  those  of  the  two  cyanogen  groups.  A  similar 
description  is  given  by  Morren  ("Ann.  Ch.  et  Phys.,"  Mars,  1865). 
Neither  of  these  observers  notices  the  two  hazy  bands  above-mentioned. 
The  descriptions  given  by  these  authors  of  this  series  of  dark  lines 
appear  to  relate  to  something  not  seen  by  the  other  observers.  They 
resemble  in  some  respects  the  description  of  the  corresponding  part  of 
the  spectrum  of  the  electric  discharge  in  vapour  of  sulphur,  and  we 
think  it  highly  probable  that  these  lines  were  due  to  some  compound 
of  sulphur  derived  from  the  sulphuric  acid  employed  in  preparing  the 

Several  observers  also  have  described  the  spectrum  of  the  flame  of 
homing  cyanogen.  Faraday,  as  long  ago  as  1829,  called  the  attention 
of  Herschel  and  Fox  Talbot  to  it,  and  the  latter,  writing  of  his  obser- 
Tations  ("  Phil.  Mag.,**  ser.  iii,  vol.  iv,  p.  114),  points  out  as  a  peculiarity 
that  the  violet  end  of  the  spectrum  is  divided  into  three  portions  with 
broad  dark  intervals,  and  that  one  of  the  bright  portions  is  ultra- 
riolet.  More  recently  Dibbits,  Morren,  Pliicker  and  Hittorf,  have  par- 
ticularly described  this  spectrum.  Dibbits  (*'  Pogg.  Ann.,**  1864) 
mentions  in  the  cyanogen  flame  fed  with  oxygen,  a  series  of  orange  and 
red  bands  shaded  on  the  less  refrangible  side  (i.e.,  in  the  opposite  way 
to  the  hydrocarbon  bands),  the  four  hydrocarbon  bands  more  or  less 
developed,  a  group  of  seven  blue  lines,  a  g^up  of  two  or  three  &int 
bine  (indigo)  lines,  then  a  group  of  six  violet  lines,  and,  lastly,  a  group 
of  four  ultra-violet  lines.  When  the  cyanogen  is  burnt  in  air  the  liydro- 
carbon  bands  arc  less  developed,  and  the  three  faint  indigo  lines  are 
scarcely  visible,  but  the  rest  of  the  spectrum  is  the  same,  only  less 
brilliant. 

Plucker  and  Hittorf  ("Phil.  Trans.,*'  186.*>)  state  that  in  the  flame 
of  cyanogen  bnmiiig  in  air  under  fjivourable  oircumstancos.  the  orange 
and  yellow  groups  of  lines  characteristic  of  burning  hy«lrooarl»ons  are 
not  seen,  the  brightest  line  of  the  green  group  appears  faintly,  the 
bine  group  is  scarcely  indicated  ;  but  a  group  of  seven  fluted  lands  in 
the  blue,  three  in  the  indigo,  and  seven  more  in  the  violet,  are  well 
developed,  especially  the  last.     When  the  flame  was  fed  with  oxygen 

M  2 
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iiititcnd  of  air,  they  state  that  an  ultra-violet  gronp  of  three  flatcd 
bands  appeiired.  Tlioy  notice  also  certain  red  bands  with  shading  in 
the  rovitrse  directiori,  which  are  better  seen  when  the  flame  is  fed  with 
air  than  with  oiygen.  Other  ohservera  give  similar  accounts,  noticing 
the  brilliance  of  the  two  series  of  bands  in  the  blue  and  violet  above 
mentioned,  iiiid  that  they  aro  neon  eqaally  in  the  electric  diaohargc 
through  cyanogen.  All  do  not  notice  tiie  ultra-violet  group,  but  this 
is  no  d'lubt  owing  to  the  absorption  of  these  rays  by  the  prisniB 
employed,  for  photographs  which  we  have  taken  of  the  spectrum  of 
the  cyanogen  flame  in  air  show  this  group  strongly  developed. 

TlicMi'  tlirce  bright  gronps  of  bands  of  fine  lines  aro  aa  oharacteristiu 
of  the  Hanio  of  cyanogen  and  of  the  spark  in  that  gas,  as  the  four 
liydniciirhon  bands  aro  of  the  flame  of  hydrocarbons. 

Tlie  flame  of  carbonic  oxide  shows  nothing  hut  a  continuous  npeC' 
truiii.  Tin-  series  of  bands  seen  in  the  spark  in  an  oxide  of  carbon 
:>Tii  well  known,  and  thure  is  not,  so  far  as  we  know,  any  dispute  abont 
them.  The  brightest  of  them  appears  to  have  been  seen  by  some 
i>bservt'i-s  in  tile  flanie  produced  by  the  combustion  of  other  compounds 
of  <:arl)..n, 

1h  t  f    A  gst  nd  Thalen  is  that  the   channelled 

1  f  tl     1  >d  b  1     yanogen  flames  are  the  spectra  of 

a    tyl  1     }        g  nd  n  t  of   carbon  itself,  and  that  in  the 

H  m       f  b  y       gen  w        metimes  see  the  spectrum  of  tho 

1 J  i  Iw        I     p      d       tb  t    f  the  cyanogen,  tho  latter  being  the 

lit  1    tl  tubes   containing  hydrocarbons  th© 

y  I  1  d      d      to  traces  of  nitrogen. 

^I      !  I  mbers  tb      xtrcme  sensibility  of  the  epootro- 

I  t  1  tl      d  ffi     Ity         ching  aimoat  to  impossibility,  of 

I  pp  rat  d  m  terial  the  last  traces  of    air  KoS 

II  t     I       y        p  IS      t  the  presence  of  small  qnantities  of 

tl       Ij  1  t    g  J  of  the  gases  experimented  on. 

M      I      k        (1  B  y  b  vol,  xxvii,  p.  308)  has  reoontly 

It         1      I  1    t      -^ph     f  th  □  chlorine,  which  shows  the  seriH 

I  tl         II        I  tl        Itra        1  t  on  the  strength  of  which  he  throws 

I  I              f    \  i^t    m    nd  Thalen,  and  draws  inferences  ae 

I  I               f          b            P     •"  S.bove   the    chromosphere  in   the 

I  I  I             1  th                   hich,  if  tme,  would  be  contrary  to 

II  k  I  )  J  p  I  t  arbon.  We  cannot  help  thinking' 
tl         I  II                (1       t     th     presence  of  a  small  quantity  of 

)  I             1              I                f  Angstrom   and   Thalen   on   tfai^ 

1  I     t    I  1                 )             gth     ed  by  our  own  observations,  tvliid^ 

I  I        1         b 

II  I   II  I       m     t    w       made  with  a  De  Meritens  dyniuai}* ' 

I  I                    g  d  f       h  gh  tension,   giving  an   alternating- 
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«arreat  capable  of  prodnciiig  an  arc  between  carbon  poles  in  air 
of  aboat  10  millims.  in  length.  The  carbon  polea  nsed  were 
3  TnilliTfin  in  diameter,  and  had  been  previonsl;  pnrifiad  by  prolonged 
lieating  in  a  cnrrent  of  chlorine.     This  treatment,  thongh  it  removes 


A  lai^  part  of  the  metallic  imparities  present  in  the  commercial 
carbons,  will  not  remove  the  whole,  so  that  lines  of  calcium,  iron, 
magnesiom,  and  sodiam  may  still  be  reoc^nised  in  the  arc.  Besides 
the  traces  of  metallic  imparities  a  notable  qnantity  of  hydrogen 
Always  remains  nnremovable  by  treatment  with  chlorine ;  and  we  are 
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not   fit  present  aware  of  any  p  it  can  fw 

The  arc  was-  taken  in  dil  le  a  Bmall  glasn  globe  (aa 

in  figure)  about  00  millima.  in  <     i  ■,          n  in  the  middle  of  a  tube. 

The  two  ends  of  the  (66)  y       i          d  with  drj  corks,  throagh 

wliicb  were  pas.sed  (1)  the  jrttid  through  two  pieces 

of  nnrrow  glass  tubing,  platinum  foil;    (2),  two 

other  glass  tubes  (dd)  rents  of  the  gases  experi- 
mented with  wei-e  passed. 

Spectrum  of  the  Are  in  Air. 
The  Jiic-  taken  in  a  globe  of  air  gave  a  tolerably  bright  continoon* 
speetrum,  superposed  on  which  the  green  and  blue  hydrocarbon  bands 
were  seen,  also  tbe  seven  bands  in  the  blue  (wave-lengths  4600  to 
4^<<}'2,  Watis)  its  in  the  flame  of  cyanogen,  three  faint  bands,  or  liues,, 
in  the  indigo  (wave-lengths  about  4364-5,  4.S71'5,  4381'5),  and  maohi 
more  brightly  the  six  hands  in  the  violet  (-wave-iengtha  4220  to  4158,: 
■Watty)  and  five  ultra-violet  (wave-lengtbs  about  3883'5,  3871» 
3tHi2,  'SS^A-^),  '.iSbO.)  Besides  these  bands,  lines  of  iron,  caloinm, 
and  sodium  wei-e  visible.  The  arc  in  this  cose  was  practically  t 
in  ji  mixture  of  nitrogen  and  carbonic  oxide,  for  in  a  short  time  thft 
oxygon  of  thi^  air  is  converted  into  carbonic  oside,  as  was  shown  ta( 
the  flame  whicii  always  filled  the  globe  on  stopping  the  b       * 


Sj>erlrui,i  of  the  Arc  in  Carbonic  Arid  Gas. 
i^in^'  tlirough  the  globe  continnoMly  a  enirent  of  carbonic 

ilio  si'V!']i  bunds  in  the  bine,  and  those  in  the  violet  andolttvi^' 
:iilually  dioi!  out  until  they  ceased  to  be  at  all  visible  con« 
',  and  when  now  and  then  momentarily  seen  were  only  jut 
li'.  On  the  other  hand,  tbe  hydrocarbon  bands,  yellow,  gretoi 
.  c':jt[ic  out  stronger  and  were  even  brilliant.  Lines  of  i 
iiiiii  wrre  still  visible.     On  stopping  the  oarrent  of  carbonic 

I  ;illijwing  air  todiffase  into  the  glo)>e,  the  violet  andultr*. 

nils  soim    began   to  appear  and   presently  became  permanenb 

il,  tile  hyiicocarbon  bands  remaining  hrighl. 


Sp'-ctruviof  the  Arc  in   Sydrmjen. 
■  bail  next  a  continuous  current  of  dry  hydrogen  paasa^ 

The  are,  contrary  to  what  would  l*  expected  from  th) 
r  ihf  s]>;irk  dischai^e  in  hydrogen,  would  not  s  tbroog| 
L  vci'y  short  space,  very  much  leas  in  air     i 

lirt'e  was  atolerablyb       itcot     r  i  [i,no  toaoff 

uivis  ill  thcblne,  or  of  thi       in         viojetorul       rioIet,ai 
linrs,  but  a  fairly  bright  li       in  tbe  ri  we  iden^' 
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fied,  hj  oompariHon  witb  tiia  spark  i&  a  TBcnam  tabe,  with  tbe  C  line 
<rf  hydrogen.  The  F  line,  identified  in  like  manner,  was  also  seen  as 
a  faiiit  diffose  band.  This  last  line  was  in  general  overpowered  b;  the 
oontioaous  speotmm,  bnt  was  regnlarly  seen,  when,  from  some  varia- 
tion in  the  discharge,  the  continnoos  spectram  became  less  brilliant. 
Thirwas  tbe  first  occasion  on  which  we  bad  seen  the  hydrogen  lines 
in  the  arc  at  all,  thongh  Secchi  ("  Compt.  B«nd.,"  1873)  states  that 
he  had  seen  them  hy  the  nee  of  moiat  carbon  poles.  We  tried  to 
repeat  his  experiment,  without  bqcccbb.  The  hydrocarbon  bands  in  the 
green  and  bine  were  at  intervals  well  seen.  Those  in  the  yellow  and 
orange  were,  owing  donbtless  to  the  smaller  dispersion  of  the  light  in 
that  region,  overpowered  by  tbe  continuons  spectrum.  Whereas  when 
■ir  uid  carbonic  acid  gas  were  nsed,  the  inside  of  the  globe  was 
qoioklj  oorered  with  doet  from  the  disintegrated  poles,  scarcely  any, 
if  Any,  such  dnst  was  thrown  ofF  when  the  arc  was  passed  in  hydro- 
gen. 

Speetntm  o/tke  Are  in  Nitroijen. 

Nitrogen  was  next  substituted  for  the  hydrogen.     A  longer  arc 

mmld  now  pass,  the  seven  blue,  the  violet  and  ultra-violet  bands  all 

cwne  ont  well,  at  intervals  brilliantly.     The  green  and  blno  hydro- 

otrbon  bands  were  also  well  developed. 

Spectrum  of  Uie  Arc  in  Chlorine. 
On  filling  the  globe  with  chlorine  and  keeping  a  current  of  that 
gis  passing  throagh  it,  the  arc  would  not  pass  tlirough  a  greater  dis- 
tance than  aboat  '2  millims.  No  metallic  lines  were  visible.  At  first 
Ihe  violet  bonds,  as  well  as  the  green  and  blue  hydrocarbon  bands, 
were  visible,  bat  gradnally  when  the  current  of  chlorine  bad  been 
paaaing  for  some  minates,  there  was  nothing  to  bo  seen  but  a  con- 
iinnouB  spectrum  with  the  green  and  bine  hydrocarbon  bands. 
Neither  of  these  bands  wero  strong,  and  at  iotervals  the  bine  bands 
disappeared  altogetlier. 

SiKririim  of  the  Arc  in  dirlmuic  O-iUc. 
When  the  globe,  previously  full  of  air,  was  filled  with  carbonic 
oxide  and  a  current  of  that  gas  passed  through  it,  tbe  arc  would  not 
paaa  through  any  greater  spiee  thau  in  chlorine.  There  was  much 
OOntinuoua  spectrum  ;  the  yellow,  green,  and  bine  hydrocarbuii  bunds 
were  well  seen,  xome  of  the  seven  blue  bands  were  just  discernible,  tho 
violet  had  nearly,  and  the  ultra-violcf  quite,  gone  from  sight.  No 
tnce  of  the  carbonic  oxide  bunds,  as  seen  in  the  spark  discharge  in 
dtat  gas,  was  visible-      This  is   tho   more   remarkable  since  under 


Spectrumoj 

In  this  gas  a  very  long  :  i  jliuiidu- 

ultm-violet  bands  were  v       9  blue  bands  n 

weaker.     The  blai;  and  g  h;                      bands  were  also  seen  wel 

when  the  iirc  was  short,  1      It         the  arc  was  long.     Thi 

length  of  the  arc  did  □  :<             brightnesB  of  the  riole 

bands.     Many  metallic  li     s  of        n,  m,  and  magncsiimi  vron 

Spectrum  of  the  Aroin  Ammonia.  , 

Tn  ammonia  only  a  short  arc  conld  be  obtafned.  All  the  bands  we|i! 
faint,  but  the  seven  blue,  the  violet  and  ultra-violet  bands  wen 
always  visible. 

These  ex;>eriments  with  different  |  iminatc  to  a  lai^  extattJ 

the  influence  of  electric  condnctivity  on  t  aaraeterof  the  spectmaij 
bat  we  intend  to  examine  more  thoro  ily  the  effect  of  this  variaU^ 
by  observation  of  the  arc  in  some  of  t1  ^es  under  different  condf 

tions  of  jiressure. 

SjK'cIra  of  Flames  of  Carbon  Compoundg, 
Benidcs  tlu;  experiments  with  the  arc  above  described,  wo  have  n 
sonic  observations  of  the  spectra  of  flamos  of  sundry  compounds  6 
carbon. 

In  the  (lunic  of  cyanogen,  prepared  from  well  dried  mercurj 
cyanide,  pa,ssed  over  phosphoric  anhydride  inserted  in  the  same  tube 
iind  bnnit  fi-oni  a  platinum  jet  fused  into  the  end  of  the  tube,  we  found 
lis  PI  lick  cr  and  IJiitorf  had  found,  that  the  bydrocarbon  bands  wen 
almost  cntii-fly  absent,  only  the  brightest  gretn  band  was  seen,  an< 
thnt  faintly.  Tlic  Niiven  blue  and  the  violet  bands  on  the  other  haaj 
were,  iis  described  by  other  observers,  well  developed,  the  three  indfaj 
liniicis  Je.-^^  brii.'litly.  A  series  of  bands  at  the  red  end,  also  deecrib^ 
by  Diljblt.-i  and  by  Plilcker  and  Hittorf,  was  also  visible.  Theai 
Iwiiidn  an-  sharply  di'fined  on  the  more  refn  igiblc  side  and  fade  awaj 
on  the  other  side,  and  extend  beyond  the  orange  hydrocarlion  bauds  01 
tbc  red  side.  Tiny  have  not  been  seen  by  ns  in  thi'  spectra  of  the  arc 
bnt  Ihey  may  veiy  vv(;!l  have  been  present  in  pome  <if  those  spectra  ani: 
yet  not  seen  lieermse  of  the  contiououB  spectmra  of  the  arc,  which,  no' 
being  very  much  dispersed  at  the  red  end,  was  bright  enough  t( 
overpower  any  .'.uch  bands.  This  contti  ns  spectram  seems  mod 
stronger  when  well  purified  carbon  eleotroi  are  used  than  when  thej 
contjiin   iiietallie  impurities  to  the  ext«nt        n       ily  p:  in  them 

We  may  ri'tniirk  (hat  in  general  we  see  only  six  bands,  ■atbor  ab 
maxima  of  liglit,  in  the  violet  series,  as  I  by  Dibbits,  not  seven,  ai 

.'itated  by  Jlorren  ;ind  by  Plilcker  and  Hitt       ;  tra-viole 

wc   always   see   live    maxima   of    light,    i  1  ol  ^ven  hj 
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DibbitB,  astA  three  given  by  Plocker  and  Hittorf.  These  ultraviolet 
bands  aro  well  developed  in  the  flame  of  cyanogen  baming  in  air  and 
an  readily  photographed,  and  easily  seen  when  qnartz  lenses  and 
calcite  prisms  are  employed. 

The  flame  of  hydrocyanic  acid  burning  in  air  showed  very  much  the 
same  as  that  of  cyanogen. 
*  In  the  flame  of  a  mixture  of  hydrogen  and  carbon  disnlphide, 
made  by  passing  purified  hydrogen  through  a  tube  containing  carbon 
disnlphide  so  as  to  be  nearly  or  quite  saturated  with  the  vapoor,  and 
borning  it  in  air,  no  hydrocarbon  bands  at  all  conld  bo  detected. 

Nor  conld  any  hydrocarbon  bands  be  detected  in  the  flame  of  a 
mixture  of  carbonic  oxide  and  hydrogen  burnt  in  air. 

When  a  mixture  of  hydrogen  with  carbon  tetrachloride  vapour  was 
fanmt,  hydrocarbon  bandH  made  their  appearance,  but  were  ratlier 
weak. 

The  flame  of  carbonic  oxide  mixed  with  vapour  of  carbon  tetra- 
chloride showed  faint  traces  of  hydrocarbon  bonds  occasionally,  but 
not  continuously. 

On  the  other  hand,  chloroform,  carefnily  prepared  from  chloral  and 
fractionated,  when  mixed  with  hydrogen,  gave,  when  burnt  in  air,  the 
hydrocarbon  bands  very  strongly.  When  it  was  mixed  with  carbonic 
oxide  instead  of  hydrogen  it  utill  gave  the  hydrocarbon  bands,  bnt 
not  nearly  so  strongly  as  with  hydrogen.  * 

On  a  review  of  tlie  whole  series  of  oltservations,  curtain  points  stand 
out  plainly.  In  the  first  place,  the  seven  bine,  the  violet,  and  ultra-violet 
bonds,  chomcteristic  of  the  flame  of  cyanogen,  are  conitpicuons  in  ^>e 
arc  token  in  an  atmosphere  of  nitrogen,  air,  nitric  oxide,  or  ummotiia, 
and  they  disappear,  almost,  if  not  quite,  when  the  iirc  ih  token  in 
a  non-nitrogunoas  atmosphere  of  hydrogen,  carbonic  oxide,  corbonic 
acid,  or  chlorine.  These  some  bonds  arc  seen  brightly  in  the  flames  of 
cyanogen  and  hydrocyanic  acid,  bnt  are  not  seen  in  those  of  hydro- 
carbons, carbonic  oxide,  or  carbon  disulphidc.  The  conclnnion  seoms 
irresiHtible  that  they  belong  to  cyanogen ;  and  this  conclusion  docH  not 
seem  to  ns  at  all  invalidated  by  the  fact  tliat  they  are  seen  weakly,  or 
1^  flashes,  in  the  arc  or  spark  taken  in  gases  supposed  free  from 
nitrogen,  by  reason  of  the  extreme  difficulty  of  removing  the  last  traces 
-of  air.  They  are  never,  in  such  a  ease,  the  principal  or  piimnncnt  part 
4^  tho^pectrom,  and  in  a  continuous  experiment  they  uru  seen  to  fade 
ont  in  proportion  as  the  uitrogi<u  is  removed.  This  conelnsion  is 
Btrengthcat^  by  the  observations  of  one  of  us,  that  cyanogen  (or 
hydrocyanic  acid)  is  geuemtctl  in  the  arc  in  atmospheric  air  in  large 
qnoDtity.  Also  in  the  cx))criment  al>ovu  descrilied  with  the  arc  in 
nitrogen,  wo  have  found  that  when  the  current  of  nitnigen  issuing 
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In  the  next  place,  the  green  and  blue  bands,  characteristic  of  the 
hydrocarbon  flame,  are  well  seen  when  the  arc  is  taken  in  hydrogen; 
hut  thongh  less  strong  when  the  arc  is  taken  in  nitrogen  or  in  chlorine, 
they  seem  to  be  always  present  in  the  arc,  whatever  the  atmosphere. 
This  is  what  we  should  expect,  if  they  be  due,  as  Angstrom  and  Thal^n 
suppose,  to  acetylene ;  for  we  have  found  that  the  carbon  electrodes 
always  contain,  even  when  they  have  been  long  heated  in  chlorine,  a 
notable  quantity  of  hydrogen. 

In  the  flames  of  carbon  compounds  they  by  no  means  always  appeaf ; 
indeed,  it  is  only  in  those  of  hydrocarbons  or  their  derivatives  that 
they  are  well  seen.  Carbonic  oxide  and  carbon  disulphide,  even  when 
mixed  with  hydrogen,  do  not  show  them ;  and  if  seen  in  the  flames  of 
cyanogen,  hydrocyanic  acid,  and  carbon  tetrachloride  mixed  with 
liydrogcn,  they  are  faint,  and  do  not  form  a  principal  or  prominent 
part  of  the  spectrum.     This  is  all  consistent  with  the  supposition  of 

Angstrom  and  Thalen.  The  fact  that  the  bands  are  not  produced 
even  in  the  presence  of  hydrogen,  when  it  is  not  present  in  the  flame 
in  the  form  of  a  compound  with  carbon,  is  very  significant;  for  we 
know  that  acetylene  is  present,  and  can  easily  be  extracted  from  the 
flame  of  any  hydrocarbon,  and  that  it  is  formed  as  a  proximate  pro- 
duct of  decomposition  of  hydrocarbons  by  the  electric  discharge,  but 
we  have  no  evidence  that  it  is  producible  as  a  product  of  direct  com- 
bination of  carbon  with  hydrogen  at  the  comparatively  low  tempera- 
ture of  a  flame  such  as  we  have  mentioned. 

The  hydrocarbon  bands  are  best  developed  in  the  blowpipe  flame, 
that  is  under  conditions  which  appear,  at  first  sight,  unfavourable  to 
the  existence  of  acetylene  in  the  flame.  We  have,  however,  satisfied 
ourselves,  by  the  use  of  a  Deville  s  tube,  that  acetylene  may  readily 
be  withdrawn  from  the  interior  of  such  a  flame,  and  from  that  part  of 
it  which  shows  the  hydrocarbon  bands  most  brightly. 

The  question  as  to  whether  these  bands  are  due  to  carbon  itself  or 
to  a  compound  of  carbon  ^vith  hydrogen,  has  been  somewhat  simplified 
by  the  observations  of  Watts  and  others  on  the  spectrum  of  carbonic 
oxide.  There  is,  we  suppose,  no  doubt  now  that  that  compound  has 
its  own  spectrum  quite  distinct  from  the  hydrocarbon  flame  spectram. 
The  mere  presence  of  the  latter  spectrum  feebly  developed  in  tlw 
electric  discharge  in  compounds  of  carbon  supposed  to  contain  no 
hydrogen,  appears  to  ua  to  weigh  very  little  against  the  series  of 
observations  which  connect  this  spectrum  directly  with  hydroearboBS. 

In  the  next  place,  it  appears  conclusively  from  the  experiments,  that 
the  development  of  the  violet  bands  of  cyanogen,  or  the  less  refrangible 
hydrocarbon  bands,  is  not  a  matter  of  temperature  only.  For  the 
appearance  of  the  hydrogen  lines  C  and  F  in  the  arc  taken  in  hydro* 
gen,  indicates  a  temperature  far  higher  than  that  of  any  flame.  Tet 
the  violet  bands  {ire.  not  seen  in  hydrogen  at  that  temperafcare,  while 
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tiie  green  bands  are  well  developed.  The  violet  bands  are,  never- 
theless, seen  equally  well  at  the  different  temperatures  of  the  flame, 
are,  and  spark,  provided  cyanogen  be  the  compound  nnder  observation 
in  the  flame,  and  nitrogen  and  carbon  are  present  together  at  the 
higher  temperatures  of  the  arc  and  spark. 

The  similarity  in  the  character  of  the  magnesium-hydrogen  spec- 
trum, which  we  have  described,  to  the  green  band  of  the  hydro- 
carbons is  very  striking.  We  have  similar  bright  maxima  of  light, 
succeeded  by  long  drawn  out  series  of  fine  lines,  decreasing  in  in- 
tensity towards  the  more  refrangible  side.  This  peculiarity,  common 
to  both,  impels  the  belief  that  it  is  a  consequence  of  a  similarity  of 
constitution  in  the  two  cases,  and  that  magnesium  forms  with 
hydrogen  a  compound  analogous  to  acetylene.  In  this  connexion  the 
very  simple  relation  (2:1)  between  the  atomic  weights  of  mag- 
nesium and  carbon  is  worthy  of  note,  as  well  as  the  power  which 
mi^nesium  has,  in  common  with  carbon,  of  combining  directly  with 
nitrogen.  We  may  with  some  reason  expect  to  find  a  magnesium- 
nitrogen  spectrum. 

Apart  from  the  mere  relative  electric  conductivity  of  gases,  it  is 
dear,  from  the  foregoing  experiments,  that  the  length  and  the 
character  of  a  discontinuous  electric  discharge  in  different  gases  does 
not  follow  the  law  which  wo  should  expect.  It  will  require  a  prolonged 
series  of  experiments  to  arrive  at  definite  conclusions  on  this  matter, 
but  it  appears  to  us,  in  the  mean  time,  highly  probable  that  one  of  the 
main  factors  in  producing  these  remarkable  variations  in  the  arc  will 
be  found  to  be  the  relative  facility  with  which  the  carbon  electrode 
combines  with  a  gaseous  medium. 

The  interest  attachiDg  to  the  question  of  the  constitution  of 
comets,  especially  since  the  discovery  by  Huggins  ("  Proc.  Roy. 
Soc.,"  xvi,  p.  386  ;  xxiii,  p.  154 ;  "  Phil.  Trans.,"  1868,  p.  555),  that 
the  spectra  of  various  comets  are  all  identical  with  the  hydrocarbon 
spectrum,  naturally  leads  to  some  speculation  in  connexion  with  the 
conclusions  to  which  our  experiments  point.  Provided  we  admit  that 
the  materials  of  the  comet  contain  ready  formed  hydrocarbons  and 
that  oxidation  may  take  place,  then  the  acetylene  spectrum  might  be 
produced  at  comparatively  low  temperatures  without  any  trace  of  the 
cyanogen  spectrum,  or  of  metallic  lines.  Such  reactions  might  be 
brought  about  by  the  tidal  disturbances  involving  collisions  and  pro- 
jections of  the  constituents  of  the  swarms  of  small  masses  circulating 
in  orbits  round  the  sun,  which  we  have  every  reason  to  believe 
constitute  the  cometic  structure.  If,  on  the  other  hand,  we  assume 
only  the  presence  of  uncombined  carbon  and  hydrogen,  we  know 
that  the  acetylene  spectrum  can  only  be  produced  at  a  very  high 
temperature  ;  and  if  nitrogen  were  also  present,  that  we  should  have 
the  cyanogen  spectrum  as  well.     Either  then  the  first  supposition 
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is  the  true  one,  not  disproving  the  presence  of  nitrogen ;  or  else  the 
atmosphere  which  the  comet  meets  is  hydrogen  and  contains  no  free 
nitrogen. 


II.  -  On  the  Epipubis  in  the  Dog  and  Fox/*     By  T.  H.iHuXLEY, 

Sec.  R.S.    Received  January  30,  1880. 

In  1871*  I  gave  a  brief  description  of  a  stractore  which  I  had  ob- 
served in  the  dog,  in  the  following  terms : — 

*'  In  the  myology  of  the  dog,  the  insertion  of  the  tendon  of  the 
external  oblique  muscle  of  the  abdomen  presents  some  interesting  peca- 
liaritics.  The  outer  and  posterior  fibres  of  this  muscle  end  in  a  fascia, 
which  is  partly  continued  over  the  thigh  z&  fascia  lata^  and  partly  forms 
an  arch  (Poupart's  ligament)  over  the  femoral  vessels ;  by  its  inner 
end  it  is  inserted  into  the  outer  side  of  a  triangular  fibro-cartilage,  the 
broad  base  of  which  is  attached  to  the  anterior  margin  of  the  pnbifl, 
between  its  spine  and  the  symphysis,  while  its  apex  lies  in  the  abdo- 
minal parietes.  The  internal  tendon  of  the  external  obliqne  unites 
with  the  tendon  of  the  internal  oblique  to  form  the  inner  pillar  of  the 
abdominal  ring,  and  is  inserted  into  the  inner  side  of  the  triangular 
fibi*o-cartilage.  The  pectinetis  is  attached  to  the  ventral  face  of  the 
cartilage ;  the  outer  part  of  the  tendon  of  the  rectus  into  its  dorsal 
face;  but  the  chief  part  of  that  tendon  is  inserted  into  the  pubis 
behind  it.  This  fibro-cartilage  appears  to  represent  the  marsupial  bone, 
or  cartilage,  of  the  Monotremcs  and  Marsupials." 

The  only  reference  to  this  statement  which  I  have  met  with  is  by 
Professor  Macalister,  in  his  *'  Introduction  to  the  Systematic  Zoology 
and  the  Morphology  of  Vertebrate  Animals*'  (1878),  p.  265 : — 

'*  Professor  Huxley  describes  a  fibro-cartilag^ous  *  marsupial'  above 
the  pubis,  from  whose  anterior  surface  the  pectineus  arises.  I  have 
failed  to  satisfy  myself  of  its  existence  as  a  constant  structure  in  many 
dogs,  in  the  common  and  Bengal  foxes,  in  the  dingo,  jackal,  CantM 
pcUlipes,  and  wolf." 

The  wording  of  this  passage  does  not  make  it  quite  clear  whether  the 
writer  has  not  found  the  structure  in  any  case,  but  does  not  mean  to  deny 
that  it  may  occur  occasionally  in  the  various  Canidoi  he  mentionB ;  or 
whether  he  has  found  it  occasionally,  but  not  constantly,  in  all  or  some 
of  them. 

Under  these  circumstances,  it  may  be  desirable  to  publish  the  £MSt 
that,  having  recently  dissected,  for  purposes  of  comparison,  a  male  and 
female  fox  and  a  male  and  female  dog,  I  have  not  had  the  slightest  diflL 
culty  in  demonstrating  the  existence  of  the  structure  which  I  described 


•  "  Manual  of  the  Anatomy  of  Yertebratcd  AninuJa/'  p.  417. 
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in  1871,  in  all  four.  And  the  only  phrase  which  appears  to  require 
modification  in  that  description  is  the  nse  of  the  term  fibro-cartilage, 
I  do  not  remember  whether,  formerly,  I  submitted  the  structure  to 
microscopic  examination  or  not ;  but  in  the  specimens  lately  examined, 
notwithstanding  the  firmness  and  density  of  the  triangular  plate,  it 
contains  no  true  cartilage  cells,  but  is  entirely  composed  of  fibrous 
bands  which  lie  parallel  with  one  another  in  the  middle  of  the  plate, 
while,  at  the  thickened  edges,  they  become  closely  interwoven. 

A  comparison  of  this  triangular  fibrous  plate  in  the  fox,  with  the 
**  marsupial "  bones  of  Fhalangista  vulpinaf  shows  that  the  fibrous  plate 
in  the  former  animal  exactly  answers  to  the  basal  part  of  the  "  mar- 
supial "  bone  in  the  latter.  It  may  properly,  therefore,  be  termed  the 
epipubic  ligament,  and  must  be  regarded  as  a  structure  of  the  same 
order  as  the  rudimentary  clavicle  and  the  rudimentary  hallux  of  the 
Oanidce ;  that  is  to  say,  as  the  remains  of  an  organ  which  was  fully 
developed  in  the  ancestral  forms  of  that  group. 

It  is  interesting  to  remark,  in  connexion  with  this  interpretation  of 
the  facts,  that,  in  the  existing  Thylactnus,  which  presents  so  many 
curious  points  of  resemblance  to  the  dogs,  the  epipubis  is  not  ossified. 
As,  however,  ifhe  Oanidce  have  certainly  existed  since  the  Eocene 
epoch,  there  is  no  likelihood  of  the  existence  of  any  direct  genetic 
connexion  between  the  dogs  and  the  Thylacines.  The  existing  carnivo- 
rous Marsupialia  have  evidently  all  proceeded  from  ancestral  forms, 
characterised  by  the  possession  of  a  thumb-like  hallux,  a  peculiarity 
which  is  presented  neither  by  the  dogs,  when  they  possess  a  hallux, 
nor  by  any  other  Camivora  with  pentadactyle  hind  feet.  Moreover, 
the  early  birth  of  the  young  and  the  development  of  a  marsupium  in 
the  female,  are  evidences  of  the  departure  of  the  existing  Marsupialia 
from  the  direct  line  by  which  the  Mammalia  have  advanced  from  the 
ornithodelphous  type.  That  the  ancestors  of  all  mammals  possessed 
bony  or  cartilaginous  epipubes  is,  I  think,  highly  probable,  but  it 
does  not  follow  that  they  had  the  marsupial  method  of  bearing  and 
nourishing  their  young. 
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THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

The  following  Papers  were  read : — 


I.  **  Studies  on  the  Chiiioline  Series."  By  James  Dewar,  M.A., 
F.R.S.,  Jacksoiiian  Professor,  University  of  Cambridge. 
Received  February  10,  1880. 

In  the  first  part  of  this  paper  which  appeared  in  the  "  Proceedings  " 
of  the  Society  for  1877,  it  was  shown  that  the  leacoline  series  of  bases 
occurring  in  coal  tar  were  really  aromatic  derivatives,  as  on  oxidation 
an  acid  could  be  obtained  which  readily  decomposed  on  distilling  with 
an  alkali,  giving  aniline. 

The  acid,  which  was  named  leucolinic  acid,  had  the  oomposition 
CgHgNO,^,  and  may  be  regarded  as  a  higher  homologue  of  isatio  acid, 
CgH-NOjj,  which  is  one  of  the  characteristic  indigo  derivatives.  The 
conclusions  of  this  paper  have  been  confirmed  by  the  synthesis  of 
chiuoline  by  Baeyer  from  the  hydro-carbostyril,  and  by  Koenigs 
from  allylaniline,  the  latter  reaction  being  similar  in  principle  to  the 
synthesis  of  pyrrol,  described  in  my  former  paper,  by  passing  ammonia 
and  a  mixture  of  monobromethylcne  and  acetylene  through  a  red  hot 
tube. 

Experiments  on  the  oxidation  of  leucoline  and  the  alkaloidal  baaet 
have  been  repeated  by  HoogewerfF,  Van  Dorp,  and  Koenigs.  These 
experimenters  have  found  that  instead  of  leucolinic  acid  being  pro- 
duced, tbey  obtain  a  variety  of  pyridene  dicarbonic  acid,  a  sabstanoe 
whi(?h  I  had  on  a  formtT  occasion  separated  from  the  oxidation  pro- 
ducts of  picoline. 

The  explanation  of  the  difference  of  the  results  is  to  be  fonnd  in 
the  fact,  that  my  object  was  to  obtain  the  first  products  of  oxidation 
and  thus  to  avoid  breaking  up  the  body  into  simpler  constituents. 

Both  the  tar  and  cinchona  bases  may  be  regarded  as  having  a 
double  nucleus  of  a  benzol  and  pyridene  residue,  and  the  latter,  being 
the  more  stable  of  the  two,  derivatives  of  it  are  obtained  when  the 
oxidation  is  more  complete. 


1880.]  Studies  on  the  Chinoline  Series,  165 

The  interest  of  tlie  subject  has  been  greatly  enhanced  by  the  results 
of  Weidel,  Schmidt,  Ramsay,  and  Dobbie  on  the  direct  oxidation  of 
the  cinchona  alkaloids. 

*  All  these  chemists  agree  that  the  chief  oxidation  product  has  the 
composition  and  properties  of  either  a  pyridene  di-  or  tri-carbonic 
acid. 

My  attention  being  directed  to  other  scientific  subjects,  I  have 
thought  the  results  of  experiments,  which  I  had  intended  extending, 
had  better  be  published,  as  research  in  this  department  of  organic 
chemistry  is  being  vigorously  prosecuted,  which  will  in  all  probability 
at  no  distant  date  result  in  the  synthesis  of  some  important  alkaloids. 

Oxidation  of  Cinchona  Chinoline, 

Chinoline  obtained  from  cinchonine,  which  had  been  carefully 
purified  as  described  in  my  former  paper,  was  treated  with  permanga- 
nate in  the  same  way  as  leucoline,  in  order  to  see  if  any  acid  similar 
to  the  leucolinic  acid  could  be  obtained.  In  each  operation,  about 
13  grms.  of  chinoline  was  dissolved  in  dilute  sulphuric  acid,  and 
a  hot  solution  of  30  grms.  of  permanganate  of  potash  added.  As  the 
chinoline  is  more  readily  attacked  than  the  corresponding  tar  base,  to 
prevent  loss  the  oxidation  must  be  carried  out  in  large  basins,  as  the 
mass  is  apt  to  froth  over  from  the  evolution  of  carbonic  acid. 

After  filtration  from  the  oxide  of  manganese,  the  alkaline  solution 
was  evaporated  to  dryness,  and  extracted  with  alcohol  to  separate  the 
sulphate,  carbonate,  and  oxalate  of  potash. 

The  soluble  potash  salt  was  dissolved  in  water,  excess  of  sulphuric 
acid  added,  and  the  organic  acid  extracted  by  shaking  with  ether.  •  The 
yield  of  acid  was  small,  and  as  no  modification  of  the  process  seemed 
to  increase  the  amount,  the  substance  obtained  was  chiefly  used  to 
determine  its  composition  and  general  reactions. 

Chinolinic  Acid. 

The  acid  crystallised  in  nodular  masses  very  soluble  in  water.  It 
melts  at  143°,  or  20°  lower  than  the  isomeric  leucolinic  acid.  The 
silver  salt  is  very  insoluble,  separating  from  cold  solutions  as  a  floccu- 
lent  precipitate,  which  on  standing  becomes  crystalline.  When  it  is  re- 
crystallised  from  a  large  volume  of  boiling  water,  it  is  obtained  in 
tufts  of  fine  needles.  The  crystals  were  always  mixed  with  a  slight 
reddish-brown  substance,  which  appeared  to  be  oxide  of  silver. 

The  acid  gave  no  violet  colour  with  ferric  chloride,  but  the  am- 
monia salt  gave  a  violet  precipitate,  which  rapidly  became  of  a 
reddish-brown  colour. 

Analysis  of  the  acid  obtained  from  cinchona  chinoline  and  the  silver 
salt  yielded  the  following  results  : —  . 
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In  tlic  next  place,  the  gw  stic  of  the 

Iiydrocarlxm  flnme,  are  well  bi       »  hydrogen; 

liut  though  less  strong  w  m  in  nitrogen  or  in  chlorioe, 

[hey  tieeni  to  be  always  prei         in  ,  whatever  the  atmosphere. 

This  is  wliat  wo  should  expect,  if  be      ,e,  as  Angstrom  and  Thalfen 

suppose,  to  aeetjlene ;  for  we  h.  tor  that  the  carbon  electrodes 
always  contain,  even  when  they  h&ve  long  heated  in  chlorine,  a 

notable  quantity  of  hydrogen. 

In  the  flames  of  carbon  compoi  by  no  means  always  appear ; 

indeed,  it  is  only  in  those  of  hj      a  t  or  their  derivatives  that 

ihey  arc  irell  seen.  Carbonic  oxide  i  1  a  'lion  disnlphide,  even  when 
mixed  with  hydrogen,  do  not  show  t  ;  and  if  seen  in  tho  flames  of 

cyanogen,  hy<h-ocyanic   acid,   and  i       tetrachloride   mixed   vrith 

liydr'ogun,  they  are  faint,  and  do  n  f o  i  a  principal  or  prominent 
])art  of  tlie  spectrum.     This  is  all  ci  ;nt  with  the  supposition  of 

.ingstfiim  and   Thalen.     The  fact  ■   le  bands  are  not  prodnced 

(?vcu  in  tlic  i>resenCB  of  hydrogen,  V  »t  is  not  present  in  the  flame 

in  the  form  of  ii  compound  with  wn,   is  very  significant;  for  we 

know  thiit  acetylene  is  present,  and  isily  be  extracted  from  the 

flame  of  any  lijdrocarbon,  and  that  it  is  formed  as  a  proximate  pn>- 
<luct  of  ilfComjKJsition  of  hydrocarbons  by  the  electric  discharge,  bat 
we  have  no  cvitlence  that  it  is  producible  as  a  product  of  direct  com. 
hinatiou  of  cavljon  with  hydrogen  at  the  comparatively  low  teraper»- 
tniv  of  a  llauie  such  as  wo  have  mentioned. 

The  liydriicarboii  bands  are  best  developed  in  tho  blowpipe  flams, 
tbat  is  uiiiier  eonditiona  which  appear,  at  first  sight,  unfavoni-able  to 
Ihc  cvislLiicc  of  iic'ctylene  in  the  flame.  We  have,  however,  satiafietl 
.misclres.  Iiy  tht-  use  of  a  Deville'a  tube,  that  acetylene  may  roadi^ 
he  wiiiulniMd  from  the  interior  of  such  a  flame,  and  from  that  part  of 
it  wliirli  ^llrllvs  tlie  hydrocarbon  bands  mOi,t  brightly. 

Till'  ■im'-.tiou  :is  to  whether  these  bands  are  due  to  carbon  it«elf  or 
to  a  ioni|Miuud  of  tiirbon  with  hydrogen,  has  been  somewhat  simplified' 
l»V  till'  i>lisLTViitions  of  Watts  and  others  on  the  spectrum  of  carbonie 
oxide.  Tluie  is,  we  suppose,  no  doubt  now  that  that  compound  Las 
ils  inviL  r.]ii'(.'lriLiii  i|nite  distinct  from  the  hydrocarbon  flame  speetmni. 
'J"hr  ni.rc  prrsriice  of  the  latter  spectrum  ffclily  developed  in  th» 
clri'tric  disi'harv'i'  in  compounds  of  carbon  supposed  to  contain  MO" 
hydiDL'i'ii,  ;i]ii«-.irs  to  us  to  weigh  very  little  against  tho  aeries  rf 
i>lwivation^.  which  r'lmncct  this  spectrnm  directly  with  hydrocarboOB. 

In  ibc  iic.\-t  |iUiic,  it  appears  conclusively  from  the  experiments,  that 
I  he  dcvili.]iiiictil  cf  the  violet  bands  of  cyanogen,  or  the  'ofrangibfe- 

hydiMcarboii  b:ind>.  is  not  a  matter  of  temperature  only.  For  ^9' 
ii[i|ic;ivaiic'c  of  the  hydrogen  lines  C  and  F  in  tho  are  in  hydnh" 

gcn,  iiuiiciihs  ;i  icnijieratnre  far  higher  than  that  of  arae.     Tot- 

the  violet  bands  arc  not  seen  in  hydrogen  at  ,ure,  wbilo 
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the  green  bands  are  well  developed.  The  violet  bands  are,  never- 
theless, seen  equally  well  at  the  different  temperatures  of  the  flame, 
arc,  and  spark,  provided  cyanogen  be  the  compound  under  observation 
in  the  flame,  and  nitrogen  and  carbon  are  present  together  at  the 
higher  temperatures  of  the  arc  and  spark. 

The  similarity  in  the  character  of  the  magnesium-hydrogen  spec- 
tram,  which  we  have  described,  to  the  green  band  of  the  hydro- 
carbons is  very  striking.  We  have  similar  bright  maxima  of  light, 
succeeded  by  long  drawn  out  series  of  fine  lines,  decreasing  in  in- 
tensity towards  the  more  refrangible  side.  This  peculiarity,  common 
to  both,  impels  the  belief  that  it  is  a  consequence  of  a  similarity  of 
constitution  in  the  two  cases,  and  that  magnesium  forms  with 
hydrogen  a  compound  analogous  to  acetylene.  In  this  connexion  the 
very  simple  relation  (2:1)  between  the  atomic  weights  of  mag- 
nesium and  carbon  is  worthy  of  note,  as  well  as  the  power  which 
magnesium  has,  in  common  with  carbon,  of  combining  directly  with 
nitrogen.  We  may  with  some  reason  expect  to  find  a  maguesium- 
nitrogen  spectrum. 

Apart  from  the  mere  relative  electric  conductivity  of  gases,  it  is 
dear,  from  the  foregoing  experiments,  that  the  length  and  the 
character  of  a  discontinuous  electric  discbarge  in  different  gases  does 
not  follow  the  law  which  we  sbould  expect.  It  will  require  a  prolonged 
series  of  experiments  to  arrive  at  definite  conclusions  on  this  matter, 
but  it  appears  to  us,  in  the  mean  time,  highly  ])robable  that  one  of  the 
main  factora  in  producing  these  remarkable  variations  in  the  arc  will 
be  found  to  be  the  relative  facility  with  which  the  carbon  electrode 
combines  with  a  g^eous  medium. 

The  interest  attaching  to  the  question  of  the  constitution  of 
comets,  especially  since  the  discovery  by  Hnggins  ("  Proc.  Roy. 
Soc.,"  xvi,  p.  38G  ;  xxiii,  p.  154:  **  Phil.  Trans.,'*  18G8,  p.  555),  that 
the  spectra  of  various  comets  are  all  identical  with  the  hydrocarbon 
spectrum,  naturally  leads  to  some  speculation  in  connexion  with  the 
conclusions  to  which  our  experiments  point.  Provided  we  admit  that 
the  materials  of  the  comet  contain  ready  formed  hydrocarl>ons  and 
that  oxidation  may  take  place,  then  the  acetylene  spectrum  might  be 
produced  at  comparatively  low  temperatures  without  any  trace  of  the 
cyanogen  spectrum,  or  of  metallic  lines.  Such  reactions  might  be 
brought  al)Out  by  the  tidal  disturbances  involving  collisions  and  pro- 
jections of  the  constituents  of  the  swarms  of  small  nui-sses  circulating 
in  orbits  round  the  sun,  which  we  have  every  reason  to  Ix^lieve 
constitute  the  comotic  structure.  If,  on  the  other  hand,  we  assume 
only  the  presence  of  uncombined  carlx)n  and  hydrt)gen,  we  know 
that  the  acetylene  spectrum  can  only  l>e  produced  at  a  ver}'  high 
temperature ;  and  if  nitrogen  were  also  present,  that  we  should  have 
the  cyanogen  s{)ectrum  as  well.     Either  then  the   first   8Up]M)sition 
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is  tlie  truB  one,  not  dieprovi  else  the 

atmoBplicre  which  the  comet  i  a  no  frea 


II.  '■  Oil  t)iu  Epipubia  in  the  Dog  and  Pox.''    By  T.  H.iHDSLET,  i 
Sec.  R.S.    Received  January  30,  1880. 

In  1W71*  I  gave  a  brief  deecri        i  itrnctore  which  I  had  ob- 

served in  the  dog,  in  the  followinfT  — 

"  In  the  mj'ology  of  the  dog,  the  u  on  of  the  tendon  of  the 

cxteniul  oblique  muscle  of  the  abdomen  p        ats  Bome  intereatiag  peon-   i 
liariticN.    The  outer  and  posterior  fib        if  tliis  muscle  end  in  e,  fiwnia, 
which  is  partly  continued  over  the  ■  ^(ucia  lata,  and  pftrtly  forms' 

an  arch  (Pou]>art's  ligament)  over  tno  jral  vessels  ;  by  its  inner 

end  itis  inserted  into  the  outer  side  of  a,  ignlar  fibro- cartilage,  ths 
broad  Ijasc  of  whieii  is  attached  i        rior  margin  of  the  pabifl^ 

bctwci-'ii  its  spine  nnd  the  sympbyi  lile  itH  apex  lies  in  the  abdo- 

minal ]iarictes.  The  internal  tendon  tho  external  obliqne  unHeft' 
with  the  tendon  of  the  internal  oblii  to  form  the  inner  pillar  of  thai 
Jibdomiditl  ring,  and  is  inflcrted  ii  t  in  .cr  aide  of  the  triangular 
tibial- cartilage.  The  peatineus  is  at  :hi  to  the  ventral  face  of  tiuk 
cartilage ;  the  outer  part  of  the  i  ]  of  :he  I'ectas  into  its  dorsal' 
fiU'c;  but  the  <.'l)ii'f  part;  of  that  don  is.  inserted  into  the  pnbis 
Iicliind  it.  Thislibro-cartilage  appears  tore  resent  the  marsnpial  boua,, 
or  cartiliLp',  of  tlie  Monotremes  and  Marsnpials," 

Tlie  riiily  re  If  re  nee  to  this  statement  which  I  have  met  with  is  by 
rrofL'sNoi-  Macali.stur,  in  his  "Introdo  on  to  the  Systematic  Zoologj^; 
luid  tin-  Morpli.)lc,^7  of  Vertebrate  Anil  '  (1878),  p.  -IGo  :— 

"  PrulL'ssiJi'  Iliixky  describes  a  fibre  ill  gi nous  '  marsnpiul'  abor* 
tlie  pntiis,  ri'oiii  wlicisc  anterior  surface  the  pectineus  arises.  I  haw 
fiiilid  til  >Ht i^ly  invsclf  of  its  existence  as  a  constant  stroctnro  in  manyi 
di)gs,  ill   (lie   niiiiiiiim   and   Bengal   foxes,  in   the  dingo,  jackal,  Ganig 

,,.,«,,.  ,,;„Ml„,Jf.- 

Till'  iviii'diiig  lit  this  passage  does  not  moke  it  quite  clear  whether  tha 
writerbasTiiil  fouiiii  the  structure  in  anycase,  but  does  not  mean  to  deny 
Ili:if  it  iiiiiy  "cnir  oLi-asionally  in  the  various  CaiiUhe  he  mentions;  OT 
whelhcT  111'  lias  found  it  occasionally,  but  not  constantly,  in  alt  or  soma 

of  tluTd. 

UiiiliT  ihr.si-  el  ri^u  in  stances,  it  may  bo  desirable  to  publish  the  faot 
llial,  having  riuciif  ly  clissocted,  for  purposes  of  eon  " "  '  n,  a  male  and 
fi-miiU*  U'\  atiila  inulcand  female  dog,  I  have  nut         ttu  itestdiffl. 

'.'iilty  ill  iK'Tiitiiisti-ating  the  existence  of  the  sti-n     i  i  describe^ 

■  "  .Mamiul  of  llie  Anatomy  of  Tertebnleil  Aniniali,"  p.  417. 
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in  1871,  in  tS[  four.  And  the  only  pbrue  which  appears  to  reqnire 
modiflofttion  in  that  description  is  the  ase  of  ihe  term  fibro-cartilage. 
I  do  not  remember  whether,  formerly,  I  sabmitted  the  stractnre  to 
microaoopio  examinatiou  or  not;  bat  im  the  Bpecimens  lately  examined, 
notwiths  tan  ding  the  firmness  and  density  of  the  triangular  plate,  it 
oontaina  no  tme  cartilage  cells,  bnt  is  entirely  composed  of  fibrona 
bands  which  lie  parallel  with  one  another  in  the  middle  of  the  plate, 
iriiile,  at  the  thickened  edges,  they  become  closely  interwoven, 

A  oompanson  of  this  triangular  fibroos  plate  in  the  fox,  with  the 
"mampial"  bones  of  Phalaugntavtdpina,  shows  that  the  fibrons plate 
in  the  former  animal  exactly  answers  to  the  basal  part  of  the  "  mar- 
npial "  bone  in  the  latter.  It  may  properly,  therefore,  be  termed  the 
gpipitbio  ligament,  and  mnst  be  regarded  as  a  atrQctnre  of  the  same 
nder  as  ^e  mdimentary  clavicle  and  the  rodimentary  hallnx  of  tbe 
Oarndte;  that  is  to  say,  as  the  remains  of  an  organ  which  was  fully 
developed  in  the  ancestral  forms  of  that  gronp. 

It  is  interesting  to  remark,  in  connexion  with  this  interpretation  of 
the  facts,  that,  in  tbe  existing  Thylacinut,  which  presents  so  many 
onrions  points  of  resemblance  to  the  dogs,  the  epipubts  is  not  ossified. 
As,  however,  tbe  Caniilce  have  certainly  existed  since  the  Eocene 
•pooh,  there  is  no  likelihood  of  the  existence  of  any  direct  genetic 
ooimexion  between  tbe  dogs  and  tbe  Thylacincs.  The  existing  camivo- 
rooB  Martvpialia  have  evidently  all  proceeded  from  ancestral  forms, 
characterised  by  tbe  possession  of  a  thnmb-like  hallux,  a  peculiarity 
which  is  presented  neither  by  the  dogs,  when  tbey  posnc-Rs  a  hallnx, 
nop  by  any  other  Camivora  with  pentadactylc  hind  feet.  Moreover, 
the  early  birth  of  the  yonng  and  the  development  of  a  marsnpium  in 
die  female,  are  evidences  of  the  departure  of  the  existing  Marsnpialia 
from  the  direct  lino  by  which  the  Msmmalia  have  advanced  from  the 
omithodelphous  type.  That  the  ancestors  of  all  mammals  possessed 
bony  or  cartilaginous  epipubcs  is,  I  think,  highly  probable,  but  it 
does  not  follow  thitt  they  had  tbe  loarsupial  method  of  bearing  and 
nonrishing  their  young. 
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is  the  true  one,  not  diaprovii  of                        •  else  the 

atmospbcro  which  the  comet  is  do  free 

TiitroKCii. 


II.  •■  Oil  tliu  EpipubU  in  the  Dog  and  Fox."    By  T.  H-iIloXLEy, 
8ec.  R.S.     Received  January  30,  1880. 

In  18/1*  I  gave  a  brief  i  i  i  a  Btruotiire  which  I  had  ob- 
served in  the  (log,  in  the  follow)  — 

"  In   the   myology  of  the  dog,  t        i  aon  of  the  tendon  of  the 

nxternal  ohlique  musele  of  the  al  3nt8  aome  interesting  pecu- 

liarities.    The  out«r  and  posterior  i  af    ibis  mascle  end  in  a  faBcia, 

which  i.s  partly  continned  over  tbe  gb  as,  'aicia  lata,  and  partly  forms 
an  arch  (Poupart's  ligament)  over  the  loral  vcaaels ;  by  its  inner 
end  itis  insortod  into  the  outer  side  of  a  Jigular  fibro-cartilage,  the 
broad  Imso  of  whiuh  is  attached  to  erior  margin  of  the  pubis, 

betwei'ii  itK  spine  and  the  Bymphyeis,  while  its  apex  lica  in  the  abdo- 
minal ])ari(.-tt\s.  Thi!  internal  tendon  of  tlie  external  oblique  nnites 
witli  tliu  ti'iidou  of  the  internal  oblique  to  form  tbo  inner  pillar  of  the 
abdominal  ring,  and  iti  inserted  into  the  inner  sido  of  thc^  triangular 
tibro-cartilagf.  The  pcclineus  is  attached  to  the  ventral  face  of  the 
cartilage ;  the  outf^r  part  of  tbe  tendon  of  the  reotuK  into  its  dorsal 
fiicf;  but  the  chii'f  part  of  that  tendon  is  inseitiid  into  the  pubis 
behind  it.  This  11  bro- cartilage  appears  to  represent  the  marsupial  bone, 
or  cartiliigr,  nf  tliu  llonotremes  and  Marsupials." 

TliL'  (inly  rofcrciicL'  to  this  statement  which  I  havu  met  with  is  by 
Professor  .\lal■illi^tL'r,  in  his  "  Introduction  to  the  Systematic  Zoology 
and  tlio  .Morphology  of  Vertebrate  Animals"  (1878),  p.  265  :— 

"  PriiftsM'r  Huxli'y  describes  a  fibro-p  aginooK  '  marsupial'  abovB 
the  pubis,  Imni  whose  anterior  surface  t  pectineus  arises.  I  have 
I'liili'ij  tu  ^alisl'y  iiiysulf  of  its  existence  as  a  constant  stmetore  in  Duuiy 
dogs,  ill  ihi'  lotiniiiin   and  Bengal  foxes,  in  the  dingo,  Jackal,  Oanii 

j^altii-^,  and  wulf." 

Tlur  w.iriliiig  «i  this  passage  does  not  make  it  quite  clear  whether  the 
writi'ilias  iiipI  founii  tlic  struoture  in  any  case,  but  doi'H  not  mean  to  deny 
that  ii  may  ni'i  iir  oc<-asionally  in  the  various  Canidm  ho  mentions;  or 
lally,  but  not  constantly,  in  all  or  some 


hi'si'  civi-u instances,  it  may  be  desirable  to  publish  the  fact 
:  ivciiTitly  diKsected,  for  purposes  of  com--"  "i,  a  male  and 
;oida  mule  and  female  dog,  I  have  not  had  i  btestdifE. 
iiiijiijtL-iitiug  the  existence  of  the  structore  h  i  described 

"  MuiiMul  uf  tbe  Anatomy  of  Vertebrated  Animal.  "  p.  .117. 
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in  1871,  in  all  four.  And  the  only  phrase  which  appears  io  require 
modification  in  that  description  is  the  nse  of  the  term  fibro-cartilage* 
I  do  not  remember  whether,  formerly,  I  submitted  the  stmctare  to 
microscopic  examination  or  not ;  bat  in  the  specimens  lately  examined, 
notwithstanding  the  firmness  and  density  of  the  triangular  plate,  it 
contains  no  true  cartilage  cells,  but  is  entirely  composed  of  fibrous 
bands  which  lie  parallel  with  one  another  in  the  middle  of  the  plate, 
while,  at  the  thickened  edges,  they  become  closely  interwoven. 

A  oomparison  of  this  triangular  fibrous  plate  in  the  fox,  with  the 
'^  marsupial "  bones  of  PhcUanguta  vulpina,  shows  that  the  fibrous  plate 
in  the  former  animal  exactly  answers  to  the  basal  part  of  the  "  mar- 
supial "  bone  in  the  latter.  It  may  properly,  therefore,  be  termied  the 
0pipub%6  ligament^  and  must  be  regarded  as  a  structure  of  the  same 
order  as  the  rudimentary  clavicle  and  the  radimentary  hallux  of  the 
(kmidcB ;  that  is  to  say,  as  the  remains  of  an  organ  which  was  fully 
developed  in  the  ancestral  forms  of  that  group. 

It  is  interesting  to  remark,  in  connexion  with  this  interpretation  of 
the  facts,  that,  in  the  existing  Thylucinusj  which  presents  so  many 
onrious  points  of  resemblance  to  the  dogs,  the  epipubis  is  not  ossified. 
As,  however,  the  Canulce  have  certainly  existed  since  the  Eocene 
epoch,  there  is  no  likelihood  of  the  existence  of  any  direct  genetic 
oonnexion  between  the  dogs  and  the  Thylacincs.  The  existing  camivo- 
TOUB  Marsupialia  have  evidently  all  proceeded  from  ancestral  forms, 
ofaaracterised  by  the  possession  of  a  thnmb-like  hallux,  a  pecaliarity 
which  is  presentcil  neither  by  the  dogs,  when  they  possess  a  hallux, 
nor  by  any  other  Camivora  with  pentadactylo  hind  feet.  Moreover, 
the  early  birth  of  the  young  and  the  development  of  a  marsupium  in 
the  female,  are  evidences  of  the  departure  of  the  existing  Marsupialia 
from  the  direct  line  by  which  the  Mammalia  have  advanced  from  the 
omithodelphous  type.  That  the  ancestors  of  all  mammals  possessed 
bony  or  cartilaginous  epipubes  is,  I  think,  highly  probable,  but  it 
does  not  follow  that  they  had  the  marsupial  method  of  bearing  and 
nourishing  their  young. 
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THE  PBBSIDENT  in  the  Chair. 

Me,  and  ihanlcs  ordered  for 


The  following  Papers  were  read  :- 


[.  '■  HtiuliL's  oil  the  Chinoline  Seriefl,"  By  James  Dewar,  M.A., 
F.R.S,.  Jackfionian  Professor,  Univcraity  of  Cambridge. 
Huui-ivcil  February  10,  1880. 

In  t!io  first  [iurt  of  this  paper  wh       ap  nred  in  the  "  Pro eee dings  " 

)f  thf  Koclfty  for  1877,  it  was  shown  the  leacoline  series  of  ba«es 

iccun-iuc;  in  coal  tar  were  really  arom  leriratives,  as  on  oxidation 

m  aciil  I'oulil  he  ohtained  which  read  loiapoBod  on  distilling  wi& 
in  nlkali,  uivinK  iiiiiline. 

Th, 

:■,]!- NO.. 


'ill.  wiiiijh  was  named  leacolinic  acid,  had  the  composition 
id  mny  be  re^rded  as  a  higher  honiotogne  of  iaatio  aotdi 
liii-h  is  one  of  the  characfcristif  indigo  dprivativea.  The 
of  this  paper  have  been  confirmed  by  the  eynthesis  ot 
■  l!;u'ycr  from  the  hydro-carbosfyril,  and  by  Koenigs 
line,  the  latter  reaction  being  siriiilar  in  principle  to  tho 
[ivirol,  described  in  my  former  paper,  by  pa.ssing  ammonia 
■o  of  monobromethylene  and  i.cetyiene  through  a  red  hot 

its  tm  the  oxidation  of  leacoline  and  the  altcaloidal  baaea 
■]ii':Uril  by  Hoogewerff,  Van  Dorp,  and  Koorigs.  These 
■••  linvi'  fimnd  that  instead  of  leucnlinic  aciil  being  pro- 
ilii^iiii  !i  variety  of  pjridene  dicarbunic  n«id,  a  sobstanoe 
I  separated  from  the  oxidation  pro* 


iliiTi  of  the  difference  of  the  results  is  to  be  found  in 
nv  object  was  to  obtain  the  tirel  products  of  oiidatioa 
>iil  breaking  np  tlie  body  into  simpler  fonstituents. 
I-  ami  cinchona  bases  may  be  regarded  as  having  a 
of  ii  benzol  and  pyridene  residue,  and  ?  l  .ter,  being 
(■  of  (be  two,  ilerivativea  of  it  are  ol  when  th« 

re  I'ouipletc. 
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The  interest  of  the  subject  has  been  greatlj  enhanced  bj  the  results 
of  Weidel,  Schmidt,  Bamsaj,  and  Dobbie  on  the  direct  oxidation  of 
the  cinchona  alkaloids. 

'  All  these  chemists  agree  that  the  chief  oxidation  product  has  the 
composition  and  properties  of  either  a  pyridene  di-  or  tri-carbonic 


Mj  attention  being  directed  to  other  scientific  subjects,  I  have 
tbonght  the  results  of  experiments,  which  I  had  intended  extending, 
had  better  be  published,  as  research  in  this  department  of  organic 
chemistry  is  being  vigorously  prosecuted,  which  will  in  all  probability 
at  no  distant  date  result  in  the  synthesis  of  some  important  alkaloids. 

Oxidation  of  Cinchona  Chinoline. 

Chinoline  obtained  from  cinchonine,  which  had  been  carefnlly 
purified  as  described  in  my  former  paper,  was  treated  with  permanga- 
nate in  the  same  way  as  leucolinc,  in  order  to  see  if  any  acid  similar 
to  the  leucolinic  acid  could  be  obtained.  In  each  operation,  about 
18  grms.  of  chinoline  was  dissolved  in  dilute  sulphuric  acid,  and 
a  hot  solution  of  30  prrms.  of  permanganate  of  potash  added.  As  the 
ddnoline  is  more  readily  attacked  than  the  corresponding  tar  base,  to 
prevent  loss  the  oxidation  must  be  carried  out  in  largo  basins,  as  the 
is  apt  to  froth  over  from  the  evolution  of  carbonic  acid. 

After  filtration  from  the  oxide  of  manganese,  the  alkaline  solution 
evaporated  to  dryness,  and  extracted  with  alcohol  to  separate  the 
sulphate,  carbonate,  and  oxalate  of  potash. 

The  soluble  potash  salt  was  dissolved  in  water,  excess  of  sulphuric 
add  added,  and  the  organic  acid  extracted  by  shaking  with  ether.  .  The 
yield  of  acid  was  small,  and  as  no  modification  of  the  process  seemed 
to  increase  the  amount,  the  substance  obtained  was  chiefly  used  to 
determine  its  composition  and  general  reactions. 

Chinolinic  Aci<l. 

The  acid  crystallised  in  nodular  masses  very  soluble  in  water.  It 
melts  at  143'',  or  20°  lower  than  the  isomeric  leucolinic  acid.  The 
■liver  salt  is  very  insoluble,  separating  from  cold  solutions  as  a  floccn- 
lent  precipitate,  which  on  standing  becomes  crystalline.  When  it  is  re- 
cryetallised  from  a  large  volume  of  boiling  water,  it  is  obtained  in 
tafts  of  fine  needles.  The  crystals  were  always  mixed  with  a  slight 
reddish-brown  substance,  which  ap|H»ari'd  to  l)e  oxide  of  silver. 

The  acid  gave  no  violet  colour  with  forric  chloride,  but  the  am- 
monia salt  gave  a  violet  precipitate,  which  rapidly  became  of  a 
reddish-brown  colour. 

Analysis  of  the  acid  obtained  from  cinchona  chinoline  and  the  silver 
ealt  yielded  the  following  results  : — 


Weight  of  acid  taken  0-H)9 

Carbonic  acid  produced 0  inw     ....    0*4(73 

Wliter 0-134    ....   0  -099 

Cnlculatcd  in  percentages — 

I.  II,  CsHgNO,. 

Caihon 61-5 fJU-fl     60  33 

Hjdi-ogen 5-2....      5-16 6-02 

Silver  siilt— 

I.  II. 

Wi-igl.t  of  salt 0  ■22i)5  ....  0  -3235 

Ciirbonic  auid  produced 0-232  0-454 

Wiltcr   0054  0-078      i 

Silver   0  100  ....  01375 


Calfulated  in  percentages,  tlie  » 


L  II.        CjHsAgNQi 

..34-7 34-89 37-76 

..2-61 2-68 2-79 

.43-56 42-5    ....   37-76 


tity  iif  the  silver  salt  which  had  been  treated  with  dU^ 
1.  wfii,'hing  0186,  gave  O'OSl  of  eilver,  or  equivalent  to  48*1 
A  maniple  recrjstalliaed,  weighinfj  01493,  gave  0-0655  0 
•i-'.i'.'  per  cent.  The  second  fraetion,  obtained  by  partia 
on  IVoiii  the  ammonia  Baft  amounting  to  0*3033,  gave  0-134j 
.ir  1 1-2  per  cent.  The  mean  of  the  five  analyses  gi^^ 
rut.  (if  siilvcr.  Nitrogen  determination  ; — The  nitrogen  7n 
ei-iiLibiistiou  to  bear  to  the  carboniu   acid  the  relative  voll 


roliui 
mtafq 


LiLilyses  of  the  silver  salt  prove  that  it  always  coatk 
■r.  I'ithor  from  a  higher  substitution  product,  or  fr(H| 
I'.  The  eomposition  might  be  representcti  by  eight  equi^i 
ii'Tji:i,l  silver  salt  combining  with  one  of  oxide  of  sUt^ 
w:iiit  of  material  prevented  the  examination  of  a  grea^ 
^,  tliLTc  can  bo  little  doubt  that  the  composition  of  ^ 

I'll  with  caustic  potash  gives  miilinc,  and  the  silver  Bil 
live  11  erystalline  sublimate  with  dro 
iilves  in  hot  glycerine  with  a  line  vii       1        aaoeno^  i 
II  jjuse,  giving  ott' carbonic  acid  at  1      ',  ■  herwitJl^ 


J 
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Leaoolinio  acid  does  not  decompose  in  gljcerine  before  a  temperatare 
of  205°  is  reached ;  the  general  decompositions  of  this  acid  are  dearly 
identical  with  that  of  the  isomeric  acid  obtained  from  the  tar  base, 
and  prove  conclnsivelj  that  both  bases  are  intimately  related  to  the 
aromatic  series. 

Nature  of  Tar  Leitcoline, 

According  to  the  researches  of  Greville  Williams  the  lencoline  of  tar 
18  distinguished  from  the  corresponding  cinchona  base  bj  its  giving 
an  oilj  ohromate,  which  in  his  hands  never  crystallised. 

The  lencoline  nsed  in  mj  experiments  can  bo  shown  to  be  a  mixture 
of  at  least  two  isomeric  bases,  one  of  which  yields  a  crystalline  chro- 
mate,  which  is  not  however  identical  with  the  chromate  of  the  alkaloid 
base. 

The  portion  boiling  between  210°  and  220°  gave  the  largest  yield  of 
the  crystalline  chromate. 

In  no  case  did  the  mixture  of  the  base  with  excess  of  chromic  acid 
giTO  any  crystals  until  it  had  stood  for  several  days. 

After  separating  the  crystals  the  free  base  was  obtained  by  distilla- 
tion with  caustic  potash,  and  gave  immediately  a  well  crystallised  salt 
on  the  addition  of  a  little  chromic  acid. 

The  base  separated  from  the  uncrystallisable  chromate  seemed  to 
boil  on  the  whole  at  a  lower  temperatare. 

Analysis  of  the  crystalline  chromate  obtained  from  tar  lencoline : — 

I.  II. 

Weight  of  chromate  taken 0  3285  ....  0*3425 

Carbonic  acid  produced 0*5485  ....  0*573 

Water  obtained 01030  0112 


d  in  percentages- 

Carbon 

Hydrogen 

Chromic  oxide . . 

I. 
45*5     .... 

«j  4o    •  •  •  • 

^^"^      •  •  •  • 

II. 

biff)     .... 
3-62  .... 

.... 

Theory. 
45-34 
335 
31-99 

0*223  of  the  chromate  gave  00715  chromic  oxide,  or  32  07  per 
cent. ;  and  0*7915  of  chromate  from  another  sample  gave  on  ignition 
0*260  chromic  oxide,  or  32-8  per  cent.  These  analyses  leave  no  doubt 
as  to  the  substance  being  a  pure  variety  of  leucoHne. 

That  there  are  at  least  two  distinct  bases  in  tar  may  be  proved  in 
other  ways. 

If  lencoline  is  digested  in  the  wator-bath  for  several  days  with  a 
Unrge  excess  of  chloride  of  ethyl,  only  one  of  the  bases  seems  to  com- 
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bine  with  it,  forming  a  rei  of  chloride 

of  ethyl  containing  the  n  u  a  current 

of  stoam,  tl'.is  portion  ot  t  ;    ilds  a  crystalline  chromatc. 

Similnrly,  the  original  I  j  sealed  tabes  to  a  tampera- 

tuL'c  I'f  ir<J '  C.   with  chromic  :  <  proportion  of  10  grms.  to 

5  cub.  (.'L-ntims.  of  the  bi  ai        l    aarating   thi-  oxide  of  chro- 

mium, on  ilietilling  a  p         ,  the    Jaee  yielding  the  crystalline 

clironjiilo.     The  alkal       Uoid  lion  to  dryness,  and  heating 

with  soda  ime,  gave  a  1         pyr:  aniline.     The  alkaline  solii- 

tion  distilled  with  ezc        )f  snlpl  H^^o  volatile  organic  acids. 

The  ordinary  leucoliiie  d  with  iodide  of  etbyl  gave  a  red 

vi.scid   miisrf,  containing  y      3W  cn  which  way   be  separated  by 

Knecu'ssivo  washings  with  alcohol;  this  iodide  of  ethyl  lencoline 

was  distilled,  the  free  base  ;  cr;  tttallinc  chromate  ;  nhereae 

the  leiii'oliuc  Kcparated  from  the  oUy  chromate,  when  heated  with 
iodidn  of  ethyl,  gave  an  intense  red-colonred  fluid,  in  which  a  few 
crvKtiils  tippL'iii'ed  after  standing  for  a  wei  k  or  tvio. 

It.  thus  appears  by  the  three  methods  detailed  aljove,  that  ordinary 
Icnealiiie  is  a  mixture  of  two  isomeric  baee.-^ ;  and  that  samples  of  the 
tar  protluet  miiy  differ  considerably  in  properties. 

Wo  ^■■■^\i  llius  rasily  explain  how  Hofi  liinii  obtained  on  one  OCC&- 
«ioii  a  orj  stulliiie  chromate  from  the  tar  I  nwes,  which  led  him  to  infer 
that  tho  suli^tatiee  was  identical  in  properties;  with  that  derived  from 
the  dl.'e^)In["^^)lilln  of  the  cinchona  alkiiluids  ;  whereas  Grevillo 
WDliiirtis.  wiirkiiii,'  upon  a  different  specimen,  conld  obtain  nothing 
but  ill!  oily  iLiiery stall isable  salt. 

Ill  reiility  butli  experimenters  described  thu  properties  of  different 
S|irc-ii»eris  of  the  bases. 

Oxidation  of  Leiioolini:. 

M;iny  iUiiuipts  to  inci-ease  the  yield  of  leueoHnie  acid,  by  varying 

the   ]ini|i'ii'i  ii>ns   :iud  temperature  of  the   reaetiag  bodies,   led  to  the 

Tile  I'reali'wt  amount  of  acid  is  obtained  when  one  part  of  the  base, 
di-solvcil  ill  the  form  of  neutral  sulphate,  is  treated  with  2^  times  ite 
wi  l.jlit  oT  |iiini;ingiinato  of  potash  dissolved  in  boiling  water,  the 
oxj.lj-iii;;  ;iL;ii.l  iK'iiig  cai-efully  added  to  the  Kalt  of  lencoline.  If  the 
;ii-tioii  is  iilloMcil  to  proceed  in  the  cold  with  about  four  parts  of  the 
[iiri^i;Lii'_'.iiiale  to  one  of  base,  there  is  no  leucolinic  acid  formed,  all  thfi 
hit_-lier  lioiliii;;  jioiiit  bases,  belonging  either  to  the  tar  or  cinchoDft 
.teries  of  li;i-es,  yielded  acid  derivatives  on  oxidation,  which,  on  distil- 
hitioii  Willi  so(!:i-liine,  gave  aniline  when  tli'.- above  '  v  is  adopted; 
if  tliis  uMs  not  liiiiie,  the  chief  product  was  a  mem  ■  of  ho  pyridine 
s.i-ii  ^,     'I'liis  exphiiris  why  von  Dorp,  Koeiiiirs,  utid  (  have  fomid 

(inly  ]'\  i-liliue  diearbonic  acid  without  any  trace  of  io  acid. 
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The  omde  acid  separated  from  the  potasli  salt  or  the  insoluble  lead 
mlt  always  contains  a  considerable  quantiiy  of  a  syrapj  acid,  which 
does  not  crystallise  nnless  it  is  boiled  with  water  for  some  days.  It  is 
ponible  this  substance  may  be  the  acid  derived  from  one  of  the 
iaomeric  bases,  and  that  it  is  slowly  changed  into  the  crystalline 
modification.  The  crystalline  leucolinic  acid  treated  with  glycerine 
gives  a  substance  having  the  characteristic  reactions  of  indol,  but  the 
Amount  obtained  is  always  small;  many  attempts  made  to  increase 
ihe  yield  of  this  body  have  not  been  successful.  If  fused  chloride  of 
mine  be  employed  instead  of  glycerine,  the  distillate  is  hydrochlorate  of 
aniline,  without  any  of  the  indol  substance.  Similarly,  a  solution  of 
the  potash  salt  of  the  acid,  heated  to  200°  C,  gave  only  aniline, 
carbonic  and  acetic  acids.  On  heating  the  acid  with  zinc-dust, 
diinoline  was  not  reproduced,  as  the  product  was  a  crystalline  sub* 
etanm  which  has  not  been  examined. 

The  decompositions  of  leucolinic  and  chinolinic  acids  point  to  their 
heiiig  amido<phenylpyruvic  acids,  and  their  general  relations  to  nearly 
Allied  substances  are  shown  in  the  following  formulse : — 


C,H, 

CoH.NH, 

CfiH^NH 

C,H,N 

C„H^NH, 

CH 

CH 

CH 

CH 

CH, 

CH 

CH 

CH 

CH 

CO 

CO,U 

COgH 

CO 

CH 

COoH 

Obmaniic 

Amido- 

Carbostyril. 

Chinoline. 

Leucolinic  and 

Acid. 

cinnamic. 

Chinolinic  Acid#. 

An  acid  of  this  character  ought  to  be  hydrogenised  readily,  pro- 
the  amido-phenylactic  acid  which  has  tlie  same  composition 
and  a  close  relationship  to  the  substance  tyrosine,  differing  only  in 
the  amido-group  being  in  this  case  attached  to  the  phenyl  residue 
instead  of  to  the  pyruvic ;  such  isomeric  tyrosines  are  produced  by 
treating  leucolinic  and  chinolinic  acids  with  sodium  amalgam.  Both 
products  react  with  the  mixed  mercarous  and  mercaric  nitrates, 
giving  a  red  colour,  somewhat  resembling  the  well-known  tyrosine 
veaction,  the  difference  between  them  and  ordinary  tyrosine  bein^ 
that,  on  fusion  with  an  alkali,  both  yield  aniline,  whereas  ammonia 
and  paroxy-benzoic  acid  are  the  products  obtained  from  the  normal 
flibstance. 


...  .% 
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[I.  "  Xote  on  Electrolytic  Experimenta."  Hy  JAMES  Dewab, 
M.A.,  F.R.S.,  Jacksonian  Profeeeoi-,  University  of  Cani- 
hriihj;e.     Received  February  10.  1880. 

Hu-vinjj  Uad  occasion  to  ntermittent  cnrrent  of   the- 

do  Meritens  magneto-i  ranged  for  intensity  in  con- 

nexion with  spectroscopic  lowing'  notes  of  electrolytic- 

e.Tperinionts  made  by  )f  be  without  some  interest. 

T!io  nnmher  of  internut     it  s  taking  place  in  the  circuit 

dnrinw  the  course  of    the  1     ow  ?nment«   may  be   taken  aa 

about  :iLHJ  per  second,  and  as  t  of  energy  in  circulation  is 

rerv   ronsiiierable,  an    exami  ot    its    action    on    eloctrolytcB- 

waa  ot  some  interest. 

Dilute  sulphuric  acid,  of  at  1  i  A  to  6  of  water,  used  as  tha- 
electrolyte  in  a  large  circular)  j-ave  the  following  reenltB: — 

On  placinp:  two  rather  large  nm  poles,  each  exposing  a  sar- 

face  of  about  lii  square  centims.,  i  >  mposition  took  place,  a  few 
babbles  of  gas  came  off  at  one  le  1  '  a  short  time,  which  soon 
ceased.  The  current  was  proved  to  be  ssing  by  placing  a  telephone 
near  the  side  of  the  glass  vessel,  and  ^o  by  the  nipid  increase  in 
the  tuinporaturc  of  the  acid,  which  '  .'  soon  reached  the  boiling 
point.  Tlie  iibsonce  of  decomposition  t  .s  due  to  the  rapidity  with 
whicli  the  current  in  the  de  Meritens  mi  ihine  is  alternated,  the  gasea 
given  off  ut  each  pole  being  rapidly  sn  ^posed  and  combining  inune- 
diatcly  to  lorm  water. 

Dci.'oiii position  was  immediately  produced  by  making  and  breaking 
the  ciiricnt  rapidly  with  the  hand,  or  belter  still,  by  placing  a  large 
tuiiiiivr  I'liili  in  till'  circuit,  to  which  was  iitlached  a  copper  rod  which 
dipiH'il  ill  and  out  of  mercury  at  every  vibnition  of  the  fork. 

Whcii  two  poles  were  used,  consisting  of  platinum  wire,  decom- 
position Hi'ut  iin  without  intermission  at  botli  poles,  but  on  the  other 
liiiuil.  «  Ik'U  onr  polf  was  a  plate  of  platinum  and  the  other  a  platinnm 
wjrr,  ill,'  iiii\r<l  gases  were  given  off  at  the  wire  pole  only. 

'I'll!'  spi'cliiLin  of  the  platinum  poles,  riewed  with  a  small  direct 
vision   >pi'<  l[iisii>|ir,  was  very  complicated,  showing  the  H  and  sdj*  * 

I'laiiiiiiiii  wiiv  of  about  "5  millim.  in  diameter  used  aa  one  pole,. 
readily  I'lis.-d  wIicil  held  close  to  the  surface  of  the  liquid,  and  re- 
uiiiinrd  wliili'  li"t  when  immersed  below  tlie  surface,  with  a  continual 
ejiv'tioii  ol'  III,'  |>ai'ticles  of  the  fluid,  and  sucessive  small  explosions 
o'r  Ih..  Miix.dL^as.^s. 

Aluiiiitiiiim  win;  behaved  in  a  remarkable  way  when  used  as  one 
iif  t]i<<  {">)<'S.  llu'  <^ther  pole  consisting  of  n  large  sorface  of  platinom. 
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On  first  planning  the  wire  beneath  the  surface  nothing  is  observed ; 
almost  immediatelj,  however,  it  becomes  intensely  illuminated  all  over 
ihe  Borfoce.  The  light  seems  to  emanate  from  an  immense  number  of 
qpomta  which  look  like  lit  up  gems.  This  appears  to  be  due  to  the 
fiynnation  of  oxide  of  aluminium,  which  offers  a  great  resistance  to 
ifae  passage  of  the  current  and  consequently  becomes  intensely  heated, 
and  is  pierced  or  disintegrated  at  certain  points,  and  this  supposition 
•■aems  to  be  confirmed  by  the  absence  of  any  incandescence  of  the 
wixe  when  hydrochloric  acid,  caustic  potash,  or  any  other  medium 
which  dissolves  the  oxide  as  soon  as  formed,  is  used.  If  another 
alnzninium  wire  is  substituted  for  the  platinum  plate,  then  either  the 
•one  or  the  other  becomes  illuminated  according  to  the  ext/cnt  of  surface 
-of  metal  immersed,  but  they  arc  generally  not  illuminated  at  the  same 
tinief  the  largest  surface  always  remaining  dall ;  gases  are  now  freely 
jgtwffn,  off,  being  chiefly  hydrogen. 

The  luminosity  of  the  aluminium  wire  becomes  very  much  diminished 
«ftor  a  short  time,  as  the  wire  becomes  almost  completely  covered  with 
A  nniform  layer  of  the  white  oxide,  and  is  gradually  eaten  away.  The 
huninosity  can  again  be  produced  by  cleaning  the  poles.  The  same 
^Aotstook  place  when  dilute  hydrochloric  acid,  or  saturated  chloride 
of  sodium  was  substituted  for  the  dilute  sulphuric  acid:  After  the 
4niiTent  had  passed  for  some  time  gas  was  given  off  at  both  poles. 

The   light    evolved    from    the   surface   of    the    poles    below  the 
of  the  electrolyte  was  intensely  white,  and  on  spectroscopic 

unination,  proved  to  be  the  characteristic  channeled  spectrum  of 
oodde  of  aluminium,  first  described  by  Thalen.  The  characteristic 
metallio  lines  between  the  two  H  lines  were  faint. 

On  bringing  a  piece  of  thin  foil  aluminium  as  one  pole  near  the  surface 
•ol  the  acid  it  is  immediately  fused,  globules  of  the  melted  metal  flying 
Aboat  in  all  directions  ;  the  aluminium  wire  is  also  fused  after  a  short 
iime,  and  falls  through  the  liquid  in  white  hot  globules. 

Magnesium  wire  at  one  pole,  the  other  being  the  platinum  plate  as 
liefore,  gave  an  intense  green  colour  below  the  surface,  a  spectroscopic 
^ocamination  showing  the  combined  spectrum  of  the  metal  and  oxide. 

It  burnt  on  the  surface  of  the  liquid  in  the  same  manner  as  the 
alnmininm,  showers  of  melted  metal  being  thrown  off ;  the  action  when 
A  Maturated  solution  of  chloride  of  sodium  was  employed  was,  if  any- 
tldng,  more  intense.  Similar  aotions  took  place  with  other  metals, 
snch  as  copper  and  zinc. 

A  solution  of  chloride  of  sodium  was  rapidly  decomposed,  abundance 
of  chlorine  being  set  free,  when  a  platinum  wire  was  used  as  one  pole, 
the  larger  platinum  plate  being  used  for  the  other.  A  solution  of 
iodide  of  potassium  behaved  in  the  same  way,  but  was  decomposed  at 
A  Tflrymuch  slower  rate  when  both  the  poles  were  of  large  surface.  A 
«aiiiiated  solution  of  sulphate  of  copper  deposited  hardly  a  trace  of 
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of  intern)  ittenuc  due  to  the  want  ot 
candle.  Assuming  that  the  whole  w( 
was  exhau.'^icd  tirst  in  electrolysis,  t 
separated  electrolytes,  and  that  reci 
heating  effett  localised  in  the  cell,  t) 
would  be  a  nicaiiiive  of  the  chemi' 
iiiTiount  of  this  beating  is  relativi 
current  circulating,  wc  must  suppose  t  t  a  considerable  portion  of 
till'  energy  of  recombination  is  thrown  into  the  circuit  aaaoew  electrO' 
niotiic  force.   The  chief  interest  in  th'  periments  is  the  value  of  the 

lie  Merlteiis  iiincliinc,  as  having  many  of  t  ic  advantages  from  Plante's 
.-ectindarj  jiilcs,  and  the  facility  and  e  with  which  this  power  tftin 
lie  UM'il.  Mr.  Spottiswoode's  recent  ]ieriments  have  shown  that 
the  character  ui  ihc  arc  obtained  from  the  de  Meritene  machine  is 
internicdiale  in  qualities  between  that  of  the  ordinary  arc  and  that  of 
the  induct  lull  spiirk,  and  may  be  employed  willi  great  advantage  is 
exritiiiL;  tlie  iniliietlun  coil.  The  use  of  it  in  Kpeetroscopic  work  has 
Iji'i'ii  t'lillv  ilctikiled  to  the  Society  in  conjoint  connnnnications  with 
ri'olr,-->ov  Li^-eill^^  The  luminous  discharge  obtained  below  the 
vurfuo'  ot  IliiiiU  .'^liowK  another  valnablo  una  of  the  machine  in  OOQ- 
tie>;iiHT  "Uli  this  subject. 
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February  19,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presenta  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

.  The  Right  Hon.  the  Earl  of  Northbrook  was  admitted  into  the 
Sodetj. 

The  following  Paper  wa.s  read : — 

L  **  On  some  of  the  Eflfects  produced  by  an  Induction  Coil  with 
a  De  Meritens  Magneto-Electric  Machine."  By  William 
Spottiswoode,  D.C.L.,  P.R.S.   Received  February  17,  1880. 

In  the  ''  Philosophical  Magazine  "  for  November  of  last  year  I  gave 
an  aoooont  of  a  mode  of  exciting  an  induction  coil  by  the  direct  appli- 
cation of  one  of  M.  de  Meritens'  alternating  machines,  without  the 
intervention  of  a  contact-breaker  or  the  use  of  a  condenser.  The 
eKperiments  of  Professor  Dewar  on  the  arc  furnished  by  the  machine 
itaelfy  on  its,  spectrum,  and  on  its  behaviour  in  respect  of  electrolysis 
described  before  the  Royal  Society  (see  "  Proc.  Roy.  Soc,"  vol.  xxx, 
p.  170),  have  led  me  to  think  that  an  account  of  some  of  the  pecu- 
liarities in  the  induced  discbarge,  to  which  the  machine  gives  rise, 
might  be  acceptable  to  the  Society. 

And,  first,  as  regards  the  secondary  discharge  in  air.  It  was  men- 
tioned in  the  paper  first  quoted  that  the  spark  produced  by  this  machine 
psecented  an  unusually  thick  yellow  fiame,  and  that  it  was  accom- 
panied by  a  hissing  noise  different  from  that  commonly  heard  with  a 
coil  excited  by  a  battery.  As  the  machine  gives  alternate  currents,  the 
secondary  discharge  presents  sparks  of  equal  strength  in  both  direc- 
tions, and  the  general  appearance  to  the  eye  is  symmetrical  in  respect 
of  both  terminals.  The  spark  was  observed  in  a  revolving  mirror, 
first  in  a  vertical  and  seeondly  in  a  horizontal  direction.  The  discharge, 
akhongh  apparently  continuous,  was  immediately  seen  to  be  inter- 
mittent, with  a  period  in  unison  with  that  of  the  machine.  Tongues 
of  flame,  leading  alternately  from  one  terminal  and  from  the  other, 
crossed  the  field  of  view.  The  length  of  spark  first  used  (vertically)  wan 
abont  half  an  inch.  When  the  length  was  increased  to  about  two  inches, 
the  discharge  being  vertical,  fiashes  or  bands  of  continuous  light  were 
seen  to  traverse  the  field  of  view  in  diagonals  of  low  slope  (i.e.,  nearly 
horisontally),  showing  that  there  were  masses  of  heated  matter  passing 
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ay  be  observed,  in  the  first 
iipark  ig  always  anterior  to 
Iowa  it.  The  true  spark  of 
irge  taken  by  itself  will,  therefore,  always  appear  as  a  bright 
twevcr,  sometimes  happens,  as  i  jutioiied  above,  that  ia  the 
[if  disi'hai^es  produced  by  the  p  eaent  method,  the  flarae  or 
luf  diiichiirgo  lasts,  at  least  over  part  of  its  length,  until  the 

]ilaff.  When  this  is  the  case,  the  spark  of  the  succeeding 
vill  piiss  partly  throngh  air,  as  usual,  and  partly  throng 
ihiili  lias  lasted  over  from  the  preccilins^  discharge.     This 

palli  will  be  through  a  conductor,  which  may  be  so  far 
I  the  air.  as  to  allow  the  spark  to  pass  in  a  non-luminous 

'I'he  ])lu'nomenon  noticed  by  Mr.  De  La  Rue,  viz.,  the 
>aiisioii  of  a  gas  at  the  instant  of  tht'  passage  of  aa  electrio 
tln-iaiu'li  ii.  niay  tlien  take  place,  and  the  displaeement  of 
[■  <,-;is  liver  that  part  of  the  path  may  plve  rise  to  the  appear. 

■  dark  line  wilhin  the  area  of  the  aureola.     The  remaining 

■  path,  if  any,  will  be  bright.  It  is,  liDwcver.  further  to  be 
.[  the  true  spark,  or  those  portions  of  it  which  are  bright, 
icnr^  to  lie  laitside,  and  never  withiu,  the  aureola.  This 
iiim  the  fact  tliat  on  the  extinction  of  a  flume  the  portions 
imu'iliatclv  tuit-sidc  are  for  the  momeift  the  hottest  and  moat 
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The  spectrum  of  the  secondary  spark  was  then  examined  with 
tenninalB  of  various  metals. 

Aluminium. — The  spectrum  showed  a  faint  continuous  backgpronnd 
the  yellow  sodium  lines,  and  faint  oxide  of  aluminium  lines, 
was  with  a  spark  of  half  an  inch.  But  although  the  spark  was 
Aobseqaently  lengtheued,  no  difference  in  the  spectrum  was  perceived 
-ezoepting  that  the  continuous  background  was  rendered  more 
bright 

It  would  seem  that  these  appearances  are  due  to  some  such  process 
MB  the  following : — The  heat  due  to  oxidation,  added  to  that  of  the 
discharge,  is  sufficient  to  volatilise  the  oxide  of  alaminium  ;  but  that  in 
its  passage  across  the  interval  between  the  terminals,  the  oxide  becomes 
40  cooled  that  it  gives  a  continuous  spectrum.  When  the  spark  was 
leng^ened,  the  oxide,  althoup^h  perhaps  at  first  more  heated  than 
with  the  shorter  spark,  had  more  time  to  cool. 

Magnesium, — In  this,  as  in  the  former  case,  we  have  a  faint  con- 
tiniious  spectrum  as  a  background,  on  which  were  seen  the  b  group  of 
mmgnesium  lines.  One  other  line  in  the  blue  occasionally  flashed  out, 
bat  was  not  permanently  present.  There  was  also  a  faint  trace  of  the 
oxide  spectrum.  The  contrast  between  the  cases  of  aluminium  and 
magnesium,  in  respect  of  the  prominence  of  the  oxide,  or  of  the  true 
meCallio  spectrum,  is  doubtless  due  to  the  fact  that  in  the  former  case 
the  oxide,  and  in  the  latter  the  metal,  is  the  one  which  is  more  easily 
vaporised.  On  sending  a  blast  of  air  on  the  discharge,  the  blue  line 
idways  disappeared ;  the  current  of  air  having  loweri^d  the  temperature 
wo  far  as  to  prevent  the  vaporisation  necessary  for  its  production. 

When  the  spark  between  magnesium  terminals  was  made  to  pass 
through  hydrogen,  the  characteristic  lines  of  hydrogen  were  seen, 
•Apparently  owing  to  a  rise  in  temperature.  This,  as  mentioned  below, 
does  not  occur  with  carbon  poles. 

Platinum, — With  terminals  of  this  metal  the  spectrum  was  mainly 
continuous,  with  the  addition  of  the  ubiquitous  yellow  sodium  lines. 
When  the  spark  was  short  a  few  bands  were  faintly  visible,  some 
apparently  those  of  nitrogen,  and  others  in  the  blue  and  violet  belong- 
ing to  the  oxide  of  platinum.  When  the  spark  was  lengthened,  these 
bands  disappeared,  and  nothing  but  the  continuous  spectrum  (with  the 
D  lines)  was  visible. 

It  appears  from  these  experiments  that  the  application  of  the 
■de  Meritens  machine  to  the  induction  coil  famishes  us  with  the 
means  of  isolating  certain  lines  of  the  metallic  s{)ectrum  from  the  rest. 
It  has,  in  fact,  enabled  us  to  reduce  at  pleasure  the  spectra  of  aluminium, 
of  magnesium,  and  of  platinum,  to  their  most  persistent  lines ;  precisely 
had  already  been  noticed  as  occurring  by  natural  processes  in  the 
of  sodium  and  of  calcium.  As  a  general  rule,  when  the  spark  it 
shortened,  the  metallic,  or  the  oxide,  lines  come  out,  according  as  the 
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The  spark  was  then  trii  'ii  toi'minals  in  atmospheres 

of  hydi-ogcn  and  of   carbonic  e  of  them  did  the  spectrum 

sliow  any  gas  lines  ;  bub  with  h;  re  Wf  re  faint  truces   of   the 

hydrocarbon  group  in  the  gri  i  respect  the  spark  differs 

from  the  discharge  direct  fi  the  chine,  inasmuch  as  the  latter 
gives  some  of  the  hydrogen  li  in  h;  rogeu  and  carbon  lines  in 
carbonic  acid. 

When  iriiignesium  terminals  were  need  in  an  atmosphere  of 
hydrogen,  the  yellow  sodinm  linee,  the  bluo  and  green  magnesinm 
lines,  and  the  red  line  of  hydrogen  were  \-i*ibIo  near  the  terminals, 
with  a  continuous  background.* 

When  the  sp.irk  was  discharged  in  a  i  ignetic  field,  known  pheno.- 
nicna  were  i-eproduced,  but  owing  to  thickness  and  Taaas  of  ti» 

Hamc  and  the  e.ttr.iordinary  strength  of  c  magnetic  field,  they  werff 
exhibited  in  a  state  of  great  splendonr.f 

When  (he  spark  passed  in  an  equatoreal  direction  the  whole  fiame 
WHS  spread  out  in  an  equatoreal  plane,  in  wbieii  heated  masses  ndght 
be  sieu  niv. living  in  one  direction  or  in  the  other  in  the  neighbourhood 
of  each  "F  tlie  magnetic  poles.  To  give  some  idea  of  the  actual 
appeal-^ I  nee,  it  may  be  mentioned,  that  a  symmetrical  spindle-shaped 
di.scliar.vi-,  L>  millims.  in  length  and  3  juillims.  in  thickuesa,  WOB- 
spread  out  by  the  magnet  into  a  disk  of  about  !.'>  millims.  in  diameter 
and  I  milliin.  ia  thickueaa.  When  the  spark  passed  in  an  axial 
direction,  ur  wlien  the  poles  themselves  were  made  the  terminals,  ths 
pheiiiiiiuiia  deM'iibod  in  my  paper  "On  an  Kxperiment  in  Electro- 
Sla-oi'tie  liotaiion"  ("  Proc.  Roy.  Soc."  vol.  xxiv,  p,  403)  were 
repl^.lll..■,.d. 

Whatever  "a-,  llie  direction  of  the  Spark,  the  resistance  duo  to  the 
magnetic  liuld  «a,s  .such  as  to  extinguish  the  discharge,  provided  that 
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tlie  atrikiziflr  distance  was  near  the  limit  that  it  could  attain  when  no 


mmgnetic  field  was  present.  If  a  plate  of  glass  was  interposed 
between  the  poles  of  the  magnet  (which  were  still  used  as  terminals) 
the  jellow  flame  disappeared,  and  the  spark  divided  itself  into 
xmineions  ramifications  of  true  sparks  which  fonnd  their  way  roand 
the  edges  of  the  plate.  As  soon  as  the  magnet  was  excited  the 
xeristance  in  the  field  became  so  great  as  to  exceed  that  of  the  glass 
plttto  itself,  and  the  plate  was  pierced. 

Professor  Dewar  was  good  enough  to  measure  the  efficiency  of  the 
secondary  discharge,  by  taking  an  inch  spark  in  a  glass  bulb  placed  in 
ihe  centre  of  a  calorimeter,  in  the  same  way  as  he  had  already 
meaeored  the  efficiency  of  the  intermittent  current  direct  from  the 
machine.  The  former  amounted  to  about  430  g^mme-units  per 
minate,  while  the  latter  had  been  found  to  be  6,000  per  minute. 
The  relative  efficiency  may,  therefore,  bo  taken  at  about  1 :  15.  And 
as  the  machine  was  giving  about  300  currents  per  second,  this  would 
giTC  for  the  secondary 

430  :  60  X  300  =023  unit  per  discharge, 

ftnd  for  the  primary 

6000  :  60  X  300= -3  unit  per  dischai-ge. 

The  results  in  the  case  of  the  secondary  discharge  may  not  perha|)ft 
possess  any  great  degree  of  accuracy  ;  but,  in  the  absence  of  any  other 
inlormation  on  the  question,  they  may  serve  to  indicate  the  general 
scale  of  magnitude  by  which  the  coil  discbarge  is  related  to  that  of 
the  machine. 

Leaving  the  subject  of  the  spark  from  the  induction  coil,  one  of  the 
most  remarkable  efiects  produced  by  this  machine  was  the  illumina- 
tion of  vacuum  tubes  by  the  currents  taken  simply  from  the  machine. 
A  small  sphere  of  about  two  inches  in  diameter,  with  an  air- vacuum, 
and  having  two  parallel  straight  terminals  reaching  nearly  across  the 
sphere  and  about  half  an  inch  apart,  was  (after  the  first  attempt, 
when  there  was  some  difficulty  in  getting  the  discharge  to  pass) 
readily  illuminated.  Owing  to  the  alternate  currents,  both  terminals 
were  of  course  surrounded  with  the  usual  blue  halo.  When  the  speed 
of  the  machine  was  redaced,  the  discharge  through  the  tube  was  not 
maintained,  showing  that  only  that  part  of  the  current  from  the 
machine  which  possessed  the  highest  electromotive  force,  and  perhaps 
fiso  the  greatest  strength,  was  sufficient  and  was  therefore  actually 
used  for  the  purpose.  As  this  was  apparently  only  a  small  fraction 
of  the  whole  current,  we  may  herein  find  an  explanation  of  the  fact 
that,  compared  with  the  effect  from  the  induction  spark,  the  illumina- 
tion was  moderate,  and  the  heating  insignificant.  It  would  perhaps 
not  be  easy  to  establish  an  accurate  comparison  between  this  and  other 
■onroes  of  electricity ;  but  some   idea  may  be  conveyed  by  the  fact 
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that,  from  experimeDts  made  with  this  tube  with  Mr.  De  La  Roe's 
ciiloride  of  silver  battery  on  a  former  occasion,  and  quite  independently 
of  tho  present  question,  it  was  estimated  that  a  cnrrent  having  an 
electromotive  force  of  400  volts  was  necessary  to  effect  a  discharge. 

Other  tubes  were  tried,  and  ware  illuminated  in  the  same  way. 

When  tho  tube  waa  placed  in  the  magnetic  field,  the  discharge 
underwent  the  modificatioas  described  by  Pliicker,  by  Hittorf,  and  by 
others.  But  it  may  be  mentioned  as  a  result  of  the  eitraordinary 
sti-cngth  of  the  field  here  employed  that,  whenever  the  tube  waa  so 
placed  that  the  direction  of  discharge  made  any  considerable  niigle 
with  tho  lines  of  magnetic  force  passing  through  it,  the  diachai^  waa 
(completely  eKtinguished.  When  the  tube  was  removed  to  a  weaker 
part  of  the  field,  the  discharge  reappeared  distorted  in  form,  and 
altered  in  colour,  in  a  manner  known  to  those  who  have  experimented 
in  this  direction. 


•     February  26,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

Till'  following  Piipers  wore  read; — 

I.  -OiLilnL'  Solubility  of  Solids  iu  Gases."  By  J.  B.  HannAy, 
K-ILS.!-:.,  F.G.S.,  and  James  Hogarth,  F.CS.  Commuiii- 
<i.t.  il  by  Professor  G.  O.  STOKES,  D.C.L..  LL.D.,  Sec.  R.S. 
UiTcivod  Fubruary  14,  1880. 

The  resertieh  which  we  now  have  the  honour  of  aubcaitting  to  the 
Koyul  Soeiely,  and  of  which  a  preliminary  notice  was  published  in  the 
yociely's  i'l-oeecdings,*  was  instituted  with  the  view  of  throwing 
some  further  light  upon  what  Dr,  Andrews  calls  the  "  critical  Btato" 
of  matter.  In  his  famous  liakerian  lecture,  after  a  vory  careful  dio- 
fussiou  of  ihc  ijuestion,  Dr.  Andrews  says  :t  "  Carbonic  acid  at  SS'S"  C, 
and  under  it  pressure  of  lUS  atmospheres,  stimda  nearly  midway 
between  (he  giis  and  the  liquid,  and  we  have  no  valid  grounds  for 
a.s5igning  it.  to  the  one  form  of  matter  any  more  than  to  the  other, 

•  ■■  Proc.  Roj.  8oc.,"  Tol.  nil,  p.  324. 

t  "  PhU.  Traill..,"  I860,  p.  6BS. 
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«  Idgli  temperature  was  required,  the  experimental  tube  was  bent 
<mr  as  shown  in  the  drawing,  and  passed  into  an  air-bath  formed  of 
two  concentric  iron  cylinders.  The  cylinders  had  mica  windows, 
tlirongh  which  the  experiment  could  bo  observed,  and  to  ensure 
porfect  regularity  of  temperature,  the  inner  one  was  lined  with  cement 
'•boat  ^  inch  thick.  As  in  most  of  our  experiments  it  was  quite  un- 
neoenary  to  know  the  pressure,  a  simple  straight  tube  was  used  in- 
stead of  the  T-shaped  one  described.  It  was  screwed  to  fit  the  same 
<mpa,  and  from  its  simplicity  made  a  very  convenient  and  efficient 
i^qpsratus. 

The  experiments  with  the  sealed  tube  showed  us  that  no  deposit  of 
flolid  occurred  above  the  critical  point.  With  the  assistance  of  the 
appaiatns  just  described,  we  were  able  to  show  a  crystal  of  potassic 
iodide  dissolving  in  alcohol  gas  (using  the  word  gas  as  Dr.  Andrews 
proposes  for  a  fluid  at  any  temperature  above  its  critical  point). 
Having  fixed  a  tube  (internal  diameter  '75  mm.,  external  7  mm.),  in 
the  apparatus  previously  filled  with  mercury,  some  alcohol  was  sucked 
in  bjr  gradually  withdrawing  the  pressure  screw.  By  a  further  with- 
drawal of  the  screw,  the  little  thread  of  alcohol  was  moved  inwards 
past  a  constriction  made  in  the  glass  tube  near  the  end,  and  a  small 
fragment  of  fused  potassic  iodide  dropped  in  so  as  to  rest  on  the 
narrow  neck.  Sufficient  heat  was  now  applied  to  boil  the  alcohol  and 
expel  the  air,  and  the  end  of  the  tube  strongly  sealed  with  the  blow- 
pipe. The  tube  being  placed  in  its  position  in  the  bath,  heat  was 
appHed  and  the  pressure  regulated  so  as  to  keep  the  alcohol  from 
passing  round  the  bend  into  tlie  other  limb  of  the  \J  tube.  The  tulie 
aod  its  contents  were  thus  raised  to  a  temperature  of  300°  C.  (the  cri- 
tioal  point  of  alcohol  as  will  be  shown  is  234"  4  C),  the  crystal  never 
having  come  in  contact  with  the  liquid  alcohol.  Pressure  was  now 
applied  until  the  alcohol  was  reduced  to  about  the  volume  occupied 
l^  it  while  still  liquid,  when  the  fragment  of  iodide  was  seen  to  dissolve 
gradually  and  completely.  On  withdrawing  the  screw  slowly  no 
deposit  occurred  even  when  the  volume  was  very  considerably 
increased,  but  by  taking  off  the  pressure  very  rapidly  a  cr}'8talline 
film  appeared  on  the  glass,  and  in  some  cases,  a  cloud  of  fine  crystals 
floating  in  the  menstruum.  These  crystals  could  be  easily  redissolved 
bj  again  increasing  the  pressure.  The  deposit  most  frequently  occurred 
just  at  the  surface  of  the  mercury,  and  this  we  ascribe  to  a  local 
rarefaction  caused  by  the  slightly  higher  temperature  of  the  mercuiy. 
The  fact  of  the  oxiutouce  of  solvent  power  above  the  critical  point 
bttng  established  by  this  experiment,  we  next  sought  to  examine  the 
phenomenon  by  using  other  solvents  and  solids.  The  sealed  tube 
method  was  found  most  convenient  for  this  pur|)ORe,  an  experiment 
with  the  pressure  apparatus  l)eing  resorted  to  when  we  wished  to  vary 
the  volume.     The   tube  was  filled  from  half  to  two-thirds  with  the 
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gaseous  state.  The  property  of  dissolving  Bolids  being  supposed 
peculiar  to  liquids,  it  hfemed  to  ns  that  on  pafising  through  the  critical 
state  thci-e  would  be  a  precipitation  of  solid,  or  it'  on  the  other  hanil 
no  .separation  occurred,  U  further  proof  of  the  perfect  continuity  of 
the  ga-seoiis  and  liquid  states  would  be  presented.  To  pnt  the  mattei- 
to  the  test,  a  solution  of  potassio  iodide  in  alcohol  was  prepared,  and 
a  strong  tube  filled  to  about  one-halE  with  the  aojutiou.  After  sealing, 
the  tube  was  placed  in  an  air-bath,  and  heat  applied.  No  precipita- 
tion of  solid  could  be  seen  even  at  a  tempei-ature  of  350°  C,  more 
than  100'  C.  above  the  critical  point  of  alcohol. 

For  the  examination  of  the  phenomena  of  aolntion  some  form  of 
pressure  apparatus  was  necessary,  bo  that  the  volume  of  the  flnid 
experimented  on  might  be  altered  at  pleasure.  After  several  experi- 
ments we  adopted  a  modified  form  of  Dr.  Andrews'  apparatus,  which 
allowed  us  to  change  an  experimental  tube  in  a  few  m.inntos,  and 
showed  no  sign  of  leakage  at  the  highest  pressure  reached  (fig.  4).  A 
section  of  the  apparatus  is  shown  in  the  annexed  engraving.  It  is  made 
of  wrought  iron  tubing  such  as  is  used  in  hydraulic  machinery,  ahont 
^  inch  internal,  and  1  inch  cKternal  diameter.  The  length  of  the 
:ipparatus  is  '.i  inches,  and  there  is  a  side  tube  welded  on,  measuring 
about  3  inches,  for  the  insertion  of  the  maJiomet«r  tube.  On  the 
ends  of  the  tube  are  screwed  strong  caps,  also  of  wrought  iron ; 
Through  one  of  these  the  pressure  screw  works,  the  others  serve  for 
the  admissioTL  ol'  the  eicperimontnl  and  manometer  tubes.  The  dis- 
tinguishing feature  of  the  apparatus  is  the  packing  for  the  screw  and 
tubes.  It  consists  of  a  solid  plug  of  india-rubber,  about  ^  inch  thick, 
pbiccd  in  the  hollow  i^ap,  so  that  it  serves  both  for  packing  the  screw 
or  tube,  and  for  making  the  joint  between  the  cap  and  the  iron  tub<; 
fight.  To  ]>rcvent  the  pressure  screw  from  cutting  the  india-rubber, 
a  linins,'  of  thin  leather,  well  soaked  in  lard,  was  placed  between  it 
and  the  ruliher.  The  tabes  were  similarly  packed,  and  to  keep  Uiam 
from  luiii!;  fnived  out  throngb  the  aperture  in  ihe  cap,  a  thickoniag 
was  ma-lc  iu  (he  gliisa  by  fusing  and  pressinj^  together,  and  between 
this  buliHnis  p:irf  and  the  iron  a  strong  leather  washer  was  placed. 
Ill  siiiiie  e:i^es,  wlii^n  a  very  high  pressure  was  wanted,  the  tube  was 
I'emeiiled  in  Hilh  oxychloride  of  zinc,  which  oflectually  prevented  it 
from  roniiriu'  in  ecnitiiet  with  the  iron  cap.  "With  this  mode  of 
}iiiekiii^'  till'  imssure  screw  did  not  require  to  be  very  fine,  the  one 
eonununly  used  being  |  inch  in  diameter  and  screwed  30  threads  to 
ihu  iiieii.  The  only  limit  to  the  pressure  was  the  frailty  of  the  glass 
Iul>e^;  we  li^ve,  however,  attained  a  pressure  of  880  atmospheres  ae 
f-lio"  II  hv  ;ui  iiir  manometer,  and  evon  at  this  enormous  pressure  the 
srieiv  ci.ulii  1)0  freely  inoved  in  either  direction  without  leakage.  The 
:iji[iiir;itiis  \vjis  as  tight  wifh  mercury  as  with  water,  ao  that  there  WBb 
no  necessity  fur  using  two  liquids  08  in  Dr.  Andrews'  macliinc.    Wheo 
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a  liigh  temperature  was  required,  the  experimental  tube  was  bent 
over  as  shown  in  the  drawing,  and  passed  into  an  air-bath  formed  of 
two  concentric  iron  cylinders.  The  cylinders  had  mica  windows, 
through  which  the  experiment  could  be  observed,  and  to  ensure 
perfect  regfularity  of  tempeniture,  the  inner  one  was  lined  with  cement 
about  ^  inch  thick.  As  in  most  of  our  experiments  it  was  quite  un- 
necessary to  know  the  pressure,  a  simple  straight  tube  was  used  in- 
stead of  the  T-shaped  one  described.  It  was  screwed  to  fit  the  same 
caps,  and  from  its  simplicity  made  a  very  convenient  and  efficient 
apparatus. 

The  experiments  with  the  sealed  tube  showed  us  that  no  deposit  of 
solid  occurred  above  the  critical  point.  With  the  assistance  of  the 
apparatus  just  described,  we  were  able  to  show  a  crystal  of  potassic 
iodide  dissolving  in  alcohol  gas  (using  the  word  gas  as  Dr.  Andrews 
proposes  for  a  fluid  at  any  temperature  above  its  critical  point). 
Having  fixed  a  tube  (internal  diameter  '75  mm.,  external  7  mm.),  in 
the  apparatus  previously  tilled  with  mercury,  some  alcohol  was  sucked 
in  by  gradually  withdrawing  the  pressure  screw.  By  a  further  with- 
drawal of  the  screw,  the  little  thread  of  alcohol  was  moved  inwards 
past  a  constriction  made  in  the  glass  tube  near  the  end,  and  a  small 
fragment  of  fused  potassic  iodide  dropped  in  so  as  to  rest  on  tlie 
narrow  neck.  Sufficient  heat  was  now  applied  to  boil  the  alcohol  and 
expel  the  air,  and  the  end  of  the  tube  strongly  sealed  with  the  blow- 
pipe. The  tube  being  placed  in  its  position  in  the  bath,  heat  was 
applied  and  the  pressure  regulated  so  as  to  keep  the  alcohol  from 
passing  round  the  lunid  into  the  other  limb  of  the  \J  tube.  The  tul)c 
and  its  contents  wore  thus  niisod  to  a  temperature  of  300"  C.  (the  cri- 
tical point  of  alcohol  as  will  be  shown  is  234" '4  C),  the  crystal  never 
having  come  in  contact  with  the  liquid  alcohol.  Pressure  was  now 
applied  until  the  alcohol  was  reduced  to  alK>ut  the  volume  occupied 
by  it  while  still  liquid,  when  the  fragment  of  iodide  was  seen  to  dissolve 
g^radually  and  completely.  On  withdrawing  the  screw  slowly  no 
deposit  occurred  even  when  the  volume  was  very  considerably 
increased,  but  by  taking  off  the  pressure  very  rapidly  a  crystalline 
film  appeared  on  the  glass,  and  in  some  cases,  a  cloud  of  fine  crystals 
floating  in  the  menstruum.  These  crystals  could  be  easily  redissolvod 
by  again  increasing  the  pressure.  The  deposit  most  frequently  occurred 
just  at  the  surface  of  the  mercury,  and  this  we  ascribe  to  a  local 
rarefaction  caused  by  the  slightly  higher  temperature  of  the  mercuiy. 
The  fact  of  the  existence  of  solvent  [Hjwer  alcove  the  critical  ])oint 
being  established  by  this  experiment,  we  next  sought  to  examine  the 
phenomenon  by  using  other  .solvents  and  solids.  The  sealed  tube 
method  was  found  most  convenient  for  this  ])uri>ose,  an  experiment 
with  the  pressurt*  apparatus  lieing  resorted  to  when  we  wLshed  to  vary 
the  volume.     The   tube  was  tilled  from  half  to  two-thirds  with  the 
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solution  to  be  tested,  imd  by  a  few  eicperimenta  the  strength  of  the 
solution  was  so  adjusted  that  no  separation  of  solid  took  place,  when 
the  tube  was  completely  filled  by  expansion. 

The  behaviour  of  a  solution  of'  potassic  iodide  we  have  alreaily 
desci-ibed.  Bromide  of  potassium  gave  a  similar  result.  The  solubility 
of  chloi-idc  of  calcium  in  alcohol  was  fonnd  to  be  tininterropted  by  the 
passage  of  the  alcohol  through  the  critical  state.  Cobaltous  chloride 
(anhydrous)  remained  in  solution  at  320^0.  the  highest  temperature 
reached  in  this  experiment,  and  the  beautiful  bine  colonr  of  tlie 
solution  was  unimpaired.  Ferric  chloride  (sublimed)  gave  a  yellow 
fluid  at  a  temperatnro  of  2f!0°  C.  This  yellow  colonr  rapidly  disap- 
peared, and  a  reddish-coloured  powder  separated  out,  which  remained 
insoluble  on  cooling.  On  opening  the  tube  a  strong  ethereal  odonr 
wasperccivcd.  This  was  most  probably  due  tn  theformation  of  ethylio 
chloride.  Some  peculiar  phenomena  obsen-od  when  heating  the  ferpio 
chloride  solution  deserve  description.  At  a  temperature  of  120°  C.  a 
very  sti-ongly  coloured  liquid  layer  appeared  at  the  bottom  of  the  tube, 
while  the  uppermost  layer  was  jiereeptibly  paler.  Ah  the  temperatnre 
rose  the  two  layers  gradually  mixed  and  the  fluid  was  quite  homo- 
geneous at  and  above  the  critical  point. 

A  solution  of  ferric  chloride  in  ether  was  distinctly  coloured  at  leaat 
30°  C.  above  the  critical  point,  bnt  the  colour  gradually  faded,  and 
did  not  i-eturn  on  cooling.  The  separation  and  redissolving  of  part  of 
the  ferric  chloride  occtirred  also  with  ether. 

A  solution  ciF  Kulphur  in  carbon  disnlphidc  showed  no  separation 
of  sulphur  when  raised  50°  C.  above  itfl  critical  point.  Of  coarse 
sulplnu'  at  this  ti-mperatnre  is  a  liquid,  bnt  its  vapour  tension  is  com- 
[lariitivcly  sii  small  that  its  solution  is  worth  recording.  Selenium  also 
remaiiii'il  in  solution  in  carbon  disalphide  above  its  critical  point,  and 
se|>arat('d  out  in  )iurt  when  the  solution  cooled.  Chemical  action 
evidently  took  phce  in  this  experiment,  for  on  evaporating  a  portion 
of  the  ^ollltiou  after  beating,  a  reddish-yellow  residue  containinjy 
selciiiutu  was  obtained.  The  liquid  had  a  distinct  horse-radiBh  smoll, 
and  on  burning,'  •;:i\-r  a  dark  Btain  on  a  piece  of  porcelain  held  in  tho 
flume,  yuljiliidi'  of  srlcuium  was  mcst  probably  formed.  An  attempt 
was  iiiadf  lo  <li>sr)lvi'  cadmic  sulphide  in  carbon  disulphide,  but 
witlioul  Mil'' TSK.  In  an  experiment  with  metfl.llic  arsenic  and  carbon 
disiil|>hidc  till'  arsruic  seemed  to  dissolve,  but  as  an  orange -co  loured 
film  ap|ii':ir,i|  on  the  glass  on  cooling,  we  are  inclined  to  doubt  its 
soluliility.  Wkoii  some  sulphur  was  enclosed  in  the  tube  with  arsenic 
andi'aiiion  ili-uipliiile,  and  the  temperature  raised  above  the  critical 
point,  j-rihitioii  iiiourred,  and  when  the  temperature  was  allowed  to 
fall  a  >epaiatioii  i.t  dense  liquid  drops  took  place  at  the  critical  poiat> 
.\t  a  lower  ([iiiiii'r.ituni  these  solidify  and  form  rod  dish-yellow  cryatab. 
TIk'  apjinreiit  solubility  of  arsenic  was  thus  probably  due  t 
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yenion  into  a  snlphide,  and  the  subsequent  solution  of  the  sulphide 
formed. 

Carbon  tetrachloride  was  also  tried  as  a  solvent,  but  as  the  number 
of  substances  soluble  in  this  fluid  is  very  small,  we  can  only  record  a 
few  negative  experiments.  Cupric  chloride  did  not  dissolve,  but 
appeared  to  be  acted  on  chemically  above  the  critical  point,  its  colour 
changing  to  brown.  Chromic  chloride  showed  no  sign  of  solution. 
Zinc  oxide  did  not  dissolve,  but  at  a  temperature  20°  or  30°  above  the 
critical  point  a  sudden  chemical  change  occurred,  and  as  a  result  the 
critical  point  was  found  to  be  lowered  from  280°  C.  to  about  200°.  On 
oooling  some  transparent  globules  were  seen,  and  on  opening  the  tube 
there  was  an  outrush  of  gas.  The  transparent  globules  dissolved  in 
water,  and  were  found  to  bo  chloride  of  zinc. 

The  use  of  water  as  a  solvent  was  quite  out  of  the  question,  both  on 

account  of  its  high  critical  point  and  the  corrosion  of  the  glass  tubes, 

so  that  we  were  debarred  from  the  use  of  the  liquid  whose  examination 

promised  most. 

The  mixture  of  light  paraffins  known  as  paraffin  spirit  was  tried  as 

a  solvent  for  some  organic  substances.  A  solution  of  resin  in  this 
liquid  remained  perfectly  bright  and  without  sign  of  separation  at  a 
temperature  of  350°  to  360°,  almost  100°  above  the  critical  point. 

The  examination  of  liquids  to  determine  their  critical  temperature 
and  pressure  was  not  exactly  in  the  line  of  our  research,  but  as 
Cagniard  de  la  Tour*s  numl)crs,  so  far  as  we  are  aware,  are  the  only 
onee  on  record,  we  have  made  a  number  of  experiments  in  this  direc- 
tion. To  obtain  accurate  measurements  of  pressure  is  a  matter  of 
very  great  difficulty,  and  as  for  our  purpose  these  were  not  required, 
it  would  have  made  our  research  unnecessarily  tedious  to  attempt  it. 
Our  numbers  are  as  follows : — 


Mean  temperature 

Number  of  expi>riiiicnt8 

Probable  error  of  a  eingle  exj.»eriineiit 

Mean  premurc 

Number  of  ex}>eriments 

Probable  error  of  a  tingle  ex])erinu'iit 


Alcohol. 

Carlton 
disulphiiie. 

Carbon 
t«tracliloride. 

234=''6 

47 

2'^  06 

65  atmos. 

14 
1*0  atmos. 

272^96 

12 

1''34 

77*9  atmos. 

12 
1*5  atmos. 

277  9 

4 

0"'G9 

58' 1  atmos. 

4 
'55  atmos. 

The  alcohol  used  had  a  sfKJcific  gravity  of  '7949  at  IS'^'o  C.  In  the 
carbon  tetrachloride  experiments  the  mercury  was  attacked,  but  our 
numbers  were  taken  as  quickly  as  possible,  and  before  chemical  action 
had  taken  place  to  any  great  extent. 

Cagniard  de  la  Tour  gives  the  following  results  for  alcohol  and 
carbon  disulphide : — 

TOL.  XXX.  0 


Alcohol     ..  ..  1 

Carbon  disulphide.     a75"-0  C. 

T!io  diffurences  betw 
own  in  tlic  case  of  alcohol 
ing  that  body  anliydrouB.     Am  will 
alcohol  usei!  in  tliese  ei 
of  water,  an<l  was  ini  p  ij 

To  determine  whi  the 

the  critical  tempera      e  and  p 
potassic  iodide  in  alcotiol  ? 
tion  gave  us   tlio  aver      ■  of   th 
pressure  711  iitmospl  "The 

is  for  the  temperature  y'(J7  C, 
exact  amount  of  solid  pr        t  in 
it  was  impcissiWo  to  det      ai       ;  foi 
observe  llie  I'rilical  point,  a  11  q 

just  at  the  end  of  the  mi         y  column. 
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3h,  Tour's  numbers  and  our 
le  to  tlio  difficulty  of  obtain- 
from  the  density  given,  the 
d  only  a  very  small  quantity 


a  solid  in  solution  affected 
a   cold   satarated    solution  of 
E^xpcriments  with  this  solu- 
Is — temperature    SS?"'!  U., 
irror  of  a  single  exporiment 
saure  O'S  Atmosphere.     The 
hen  the  readings  were  made 
tering  the  voltime,  so  as  to 
y  waa  deposited  on  the  glass 
To  make  sure  that  some  salt 
did  remain  in  solution,  we  brouf^ht  the    nercnry  oolnmn  up  so  as  to 
cover  the  erystiilline  film,  and  af  illy  examining  to  see  that  BO 

solid  |>iirticles  were  above  the  y,  we  allowed  the  flnid  to  GOol 

under  pressure.     When  cold,  t      ■     1  le  capillary  waa  broken  off, 

and  the  Jiqiiid.  which  had  been  shut  off  by  the  mercury  from  coDtaot 
with  the  erystallinc  dcpoait,  received  inaw:Lteli  jjIilss,  On  evaporation 
it  gave  an  ;i|j]irefiiil>le  residue.  These  eipeHtiienta  seem  to  show  tiat 
a  liquid  hiis  iis  iTJtical  point  raised  by  the  fiolution  in  it  of  a  solid. 


As  the  sr 
1  411  at  V.V 


ubility  of  potass 
:•  C.)  we  thought  it  advisable  to  ( 
n  iileohol,  so  that  the  effect  of  t 
iii-c  might  be  shown  ii 


il  is  vevj  slight  (1  part 
'v  a  solution  of  chloride 
hition  on  the  preesare 
rked  degree.     On  heat- 


lii  th^ 


solution  of  calcic  ch3or:de  (anhydrous),  a  densa 
■h-.erved  to  form  at  the  bottom  when  the  tfimpcratnrs 
iit  ^W  0.  the  line  separating  the  lighter  layer  Of 
iwiia  very  indistinct,  and  could  not  be  distinguished  at 
;  (it  2.55°  C.  the  dense  layer  dissolved,  but  ro-appeiured 
IS  taken  off.  When  the  vcilume  ivas  again  reduced,  it 
at  270'  C.  expansion  caused  a  depositiou  of  nystals. 
it  there  was  no  sharp  critiedl  point,  and  no  presBure 
:en.      A  dense   layer,  it  will  Iw  remembered,  weis  also 


noticed    in    I  he    IVrric    chloride    experiment.      A   combination    of    the 
cliloiiile   "iili   ji;irt   of  the  alcohol  evidently  occurs,   and  at  a  higher 
temperalnre  ililliision  takes  place  until  the  fluid  •-  -jn'*"  h'-nogeneoos. 
While  wiirkini,'  with  cobaltous  chloride  an  in  g  <     estion  pre- 

aenled  it  sell'  to  us — la  the  absot^i  tion  spectrum  n[  asu'  i  diasolved 

in  a  tluid  al>ove  its  critical  point  the  same  as  in  liq  itioa  ori»- 
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the  solid  state  ?  To  answer  this  question,  a  solution  of  anbydrona 
cobaltous  chloride  was  sealed  in  a  tube  as  before,  and  its  spectram 
observed  while  heat  was  applied.  No  change  could  be  detected  in  its 
passage  through  the  critical  point,  and  a  careful  comparison  of  the 
spectra  of  the  same  solution  at  15°  C.  and  at  300°  C.  showed  no  differ- 
ence beyond  the  fainter  and  more  nebulous  character  of  the  bands 
caused  by  expansion.  The  position  of  the  bands  was  not  changed. 
Chloride  of  cobalt,  however,  was  not  well  fitted  for  our  purpose,  the 
measurement  of  the  bands  being  rather  uncertain  on  account  of  the 
nebulous  nature  of  their  edges.  At  the  suggestion  of  Professor  Stokes, 
weHumed  our  attention  to  the  product  of  the  decomposition  of  chloro- 
phyll by  acids.  The  beautiful  spectrum  of  a  solution  of  this  body  in 
alcohol  was  quite  permanent,  even  at  a  temperature  of  350°  C,  although 
when  heated  in  air  it  decomposes  below  200°  C.  A  direct  comparison 
of  the  hot  and  cold  solutions  failed  to  show  any  change  in  the  position 
of  the  lines. 

A  g^d  opportunity  of  testing  the  question  further  seemed  to  be 
offered  by  the  blue  solution  of  sodium  in  liquefied  ammonia,  described 
by  Gore.*  To  prepare  this,  we  first  tried  compression  of  the  gas  by 
the  pressure  apparatus,  but  the  quantity  of  liquid  got  by  this^ethod 
was  too  small  for  experiment.  We  next  tried  a  combination  of  Gore's 
method  with  the  pressure  apparatus.  A  tube,  shaped  as  in  the  draw- 
ing, had  the  wide  part  charged  with  chloride  of  calcium  saturated 
with  ammonia,  and  the  end  sealed.  By  applying  slight  heat,  the  air 
was  expelled  by  the  liberated  ammonia.  A  small  piece  of  sodium  was 
then  placed  in  a  pocket  near  the  end  of  the  experimental  tube,  and, 
afler  sealing,  the  tube  was  placed  in  the  pressure  apparatus  and  sur- 
Totmded  with  mercury.  The  iron  tube  was  now  heated  by  flaming 
with  a  Bunsen,  and  the  experimental  tube  cooled  in  a  freezing 
mixture.  Distillation  of  ammonia  commenced,  and  when  a  sufficient 
quantity  of  liquid  was  obtained  the  pressure  screw  was  advanced, 
antil,  coming  in  contact  with  the  wide  tube,  it  broke  the  narrow  neck 
joining  it  with  the  experimental  tube,  and  allowed  the  mercury  to 
rash  in  and  enclose  the  liquefied  ammonia.  Further  pressure  brought 
the  ammonia  in  contact  with  the  sodium  and  solution  commenced,  bat 
an  unforeseen  difficulty  caused  the  experiment  to  fail,  for  the  sodium 
folution  coming  in  contact  with  the  mercury  was  rapidly  decolorised 
by  it.  It  was,  therefore,  necessary  to  dispense  with  the  use  of  mer- 
cury. Several  methods  were  proposed,  and  we  finally  arrived  at  the 
following  simple  and  effective  one.  A  piece  of  tubing,  about  ^  inch 
diameter,  was  joined  to  a  piece  of  marine  barometer  tabiog,  and  just 
beside  the  join  the  latter  was  drawn  out  to  an  exceedingly  fine  bore. 
The  wide  tube  was  now  charged  with  ammonia-saturated  chloride  of 
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culciam  and  tho  end  sealed.  A  small  piece  of  solid  par&ffin  was  then 
dropped  into  the  capillaiy  tube  so  that  it  la;  aext  the  drawn  out 
portion.  When  all  air  was  expelled  by  heating  ahghtly,  a  few  fiug- 
uionts  of  sodiam  were  placed  in  the  tube  and  the  whole  sealed.  The 
arningeiLietit  is  shown  in  the  Plate,  fig.  H.  The  end  containing  the 
Hodinm  being  placed  iu  a  freezing  mixtare,  the  wide  tnbe  was  CBre- 
fuliy  heatud  until  safficient  ammouia  was  distilled  over.  "When  re- 
absorption  commenced  the  fragment  of  paraffin  was  melted  by  the 
application  of  a  very  small  flf>me,  and  capillary  attraction  caused 
it  to  run  into  the  fine  bore,  where  it  solidified  and  prevented  eaj 
pasfage  of  ammonia.  The  tube  now  containing  a  solution  of  Bodiam 
in  ammonia,  was  next  cut  off  near  the  join  and  the  end  sealed 
in  the  blowpipe  flame,  the  paraffin  plug  preventing  outward  pressure. 
On  bealitig  the  tube  thoB  prepared  in  the  air  bath,  the  bine  colour 
disappourcd  before  the  critical  point  was  reached,  and  the  lose  of 
colour  was  accompanied  by  the  deposit  of  a  white  powder.  It  waa 
at  first  thought  that  this  was  due  to  tho  presence  of  water  in  the 
ammonia,  but  many  experiments,  in  which  every  care  was  taken  to 
Imve  the  ammonia  perfectly  dry,  failed  to  give  any  other  result.  In 
one  case  only,  when  the  temperature  bad  been  raised  very  rapidly,  did 
the  blue  c<ilour  remain  above  tho  critical  point,  and  this  only  for  a  few 
seconds.  Tliis  chemical  action  moat  probably  consists  in  the  formation 
of  soditmide,  and  this  view  is  supported  by  the  fact  that  one  of  the 
tul)ea  opuned  under  mercury  gave  a  quantity  of  gas  not  dissolved  by 
writer. 

Am  the  soluti'm  of  an  alkali  metal  seemed  befit  adapted  for  spectm- 
scopic  cx-iraiiiiition,  we  made  an  attempt  to  diasolvv  sodium  in  com- 
pi'i.'.-*Beil  iiydr'ii;i'[i.  For  thia  purpoae  a  tube  with  a  very  large  expniL- 
sion  was  inadf,  and  filled  with  carefully  dried  hydrogen.  While  the 
stream  of  ^-as  Wiis  still  passing,  a  small  piece  of  sodium  was  plaoad 
in  II  jiockt't  iit  the  end  of  the  tube,  and  tbe  aperture  closed  before  the 
bli)wpi]n'.  Ill  this  experiment  we  uaed  no  manometer,  our  intention 
iH'itit;  to  iinTViifio  the  pressnre  slowly  aud  to  make  it  as  great  aa 
|Hissihli>.  Afti'i- :ilnmt  half  an  hour,  at  a  preaauro  so  far  as  we  could 
JTidu'c  <•{  ;i!iimt  :iUO  atmospheres,  the  mercury,  wliich  had  never  coma 
ill  i'iiiit:ici  v.Uh  the  solid  sodium,  was  observed  to  become  thick  and 
piisly,  Al  till...  ]>r)int  the  tube  burst  (no  further  pressure  had  been 
put  mil  cliisr  t<i  the  iron  cap,  and  on  esaraining  tho  broken  piece  small 
seiiii-siiliil  globules  of  mercury  were  observed  adhering  to  the  glaaa, 
nnirking  tlie  higlu-st  point  to  which  tho  mercury  had  reached.  Thess 
were  tiikcii  out  and  placed  in  water,  when  small  bubbles  of  gas  were 
obafrvcil  ri-Miig  from  them.  In  another  experiment  a  small  rod  of 
siidium.  <|uile  filling  tbe  capillary  bore,  waa  observed  to  be  gradually 
wrroded.  unlil  only  a  shell  adhering  to  the  glass  remained.  The  very 
fri'ijucnt  bureting  of  the  tuiaea,  made  more  frail  by  the  reduction  of 
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lead  oxide,  dae  to  the  action  of  hydrogen  on  the  hot  glass,  makes  the 
demonstration  of  the  solubility  of  sodinm  in  hydrogen  exceedingly 
difficult,  but  the  phenomena  described,  we  are  convinced,  can  only  be 
explained  on  this  hypothesis.  In  several  experiments  we  have  seen 
little  pieces  of  sodium  slowly  disappear,  leaving  only  the  thin  shell  of 
oxide  formed  round  them  while  they  were  being  placed  in  the  tube. 
There  seemed  in  many  cases  to  be  a  sudden  chemical  action,  for  the 
tube  burst,  not  while  pressure  was  being  applied,  but  oflen  several 
minutes  after  the  pressure  screw  had  been  advanced.  A  beam  of 
light  passed  through  the  tube  showed  no  absorption  when  examined 
by  the  spectroscope. 

Having  described  our  experiments,  it  remains  only  for  us  to  con- 
sider the  state  of  the  solvent  at  a  distance  above  the  critical  point. 
We  cannot  do  better  than  quote  Dr.  Andrews*  consideration  of  the 
subject.  He  says,*  *'  What  is  the  condition  of  carbonic  acid  when  it 
passes  at  temperatures  above  31°  C.  from  the  gaseous  state  down  to 
the  volume  of  the  liquid  without  giving  evidence  at  any  part  of  the 
process  of  liquefaction  having  occurred  ?  Does  it  continue  in  the 
gaseous  state,  or  does  it  liquefy,  or  have  we  to  deal  with  a  new  con- 
dition of  matter  ?  If  the  experiment  were  made  at  100^  C,  or  at  a 
higher  temperature,  when  all  indications  of  a  fall  had  disappeared,  the 
probable  answer  that  would  be  given  to  this  question  is,  that  the  gas 
preserves  its  gaseous  condition  during  the  compression,  and  few  would 
hesitate  to  declare  this  statement  to  be  true,  if  the  pressures,  as  in 
Natterer's  experiments,  were  applied  to  such  gases  as  hydrogen  or 
nitrogen.  On  the  other  hand,  when  the  experiment  is  made  with 
carbonic  acid  at  temperatures  a  little  above  81°  C,  the  great  fall 
which  occurs  at  one  period  of  the  process  would  lead  to  the  conjecture 
that  liquefaction  had  actually  taken  place,  although  optical  tests  care- 
fully applied  failed  at  any  time  to  discover  the  presence  of  a  liquid  in 
contact  with  a  gas.  But  against  this  view  it  may  be  urged  with  g^reat 
force,  that  the  fact  of  additional  pressure  being  always  required  for  a 
further  diminution  of  volume,  is  opposed  to  the  known  laws  which 
hold  in  the  change  of  bodies  from  the  gaseous  to  the  liquid  state. 
Besides,  the  higher  the  temperature  at  which  the  gas  is  compressed  the 
less  the  fall  becomes,  and  at  last  it  disappears."  Leaving  out  of  con- 
sideration the  solubility  of  sodium  in  hydrogen,  we  have  had  iodide  of 
potassium  in  solution  in  alcohol  at  temperatures  much  too  high  for 
measurement  by  the  mercurial  thermometer,  and  which  may  safely  he 
estimated  at  150°  C.  above  the  critical  point  (=380°  C).  We  think 
therefore  we  are  justified  in  saying  that  at  this  high  temperature  the 
solvent  was  truly  gaseous.  An  examination  of  Dr.  Andrews'  curves 
for  carbonic  acid  shows  us  that  at  a  temperature  only  10°  C.  above  the 
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critiL-al  point,  the  Eudt  r<            •                               :lie  boiling 

line  has  disappeared,  i     1  :  nddeirith 

the  air  curve,  it  is  r  lo   lif,Ti  of  liquefaction  having 

occurred.       Our   e:       "im  i              i    at    temperfttores    farther 

ivmovcd  from  the  crit  ,  and  as  no  sudden  change 

in  soluhility  could  be        ecb      in  «m  the  liqnid  state  to  these 

high  temjit-rnturcH,  we  conclnde  ,         ihese  eiperiments,  ws  hare 

liirthcr  pi'oof  of  the  perfect  i  of  the  liqnid    and  gaseous 

htatcs,  and  also  a  complete  proof  of             lubility  of  solids  in  gaaeo. 


II.  "On  the  Artificial  Formation  of  the  Diamond."  By  J.  B. 
Hann-av,  F.U.S.E.,  F.C.S.  Commuiiicated  by  Professor  ti. 
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(Preliminary  Notice.) 

Wliilc  pursuing'  my  researchea  into  the  solubility  of  solids  in  gases, 
T  noticed  tiiut  muuy  bodies,  sncli  as  silica,  nlumina,  and  oxide  of  einc, 
which  are  insoluble  in  water  at  ordinary  temperatures,  diasoWe  to  a 
very  considerable  extent  when  treated  witli  wat-cr-gas  at  a  very  h^h 
prcKMnre.  It  occurred  to  me  that  a  solvent  raig-ht  be  found  for  carbonj 
!i[id  an  |,';i.seoHS  solution  nearly  always  yields  crystalline  solid  on  with- 
ilniwiii;;  tin;  solvent  or  lowering  its  solvent  puwer,  it  seoraod  probable 
lliat  till'  (':irl)un  might  be  deposited  in  the  erratalline  slat«.  After  a 
liirt-'f  uuiiiliL'r  of  experiments,  it  was  fonnd  that  ordinary  carbon,  such 
us  iIi;u\m;iI,  liuiipbliick,  or  graphite,  were  not  uffectod  by  the  moat 
^'i'lil^  I  eould  think  of,  chemical  action  taking  the  place 


.)f  ,s. 


el  ion,  however,  was  noticed,  which  seemed  likely  to 

I  lie  nascent  state,  and  so  allow  ui  itH  being  easily  dia- 

II  !,MH  containing  carbon  anil  li_vd[0™eu  is  heated  nnder 
iiiec  of  ccrtjiin  metals  its  hydm^'en  is  attracted  by  the 
LMrboii  left  free.  This,  as  I'l^fcssor  Stokes  has  aug- 
;iy  ho  explained  by  the  diacavery  of  Profcasors  Liveing 

III  hydrogen  has  at  very  high  temperatures  a  Tery 
liir  certain  metals,  notably  magnesium,  forming  ei- 
-u.pounds  therewith. 

lion  in  net  free  from  the  hydrocarbon  in  presence  of  ft 
1  riintiiiuiiig  nitrogen,  the  wliole  1    '  ■  a  red  luofa 

IV  high  pressure,  the  carbon  is  so  i  i  ion  by  tbe 
iiikI  that  it  is  obtained  in  t      i        ,  lurent  tone 

Tliu  great  difficulty  U      ju       ;  a 
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imoloBing  veuel  stroiif;  enongh  to  withstand  the  enormoiLB  praaran 
and  high  temperature,  tabes  constructed  on  the  gnu-barrel  principle 
(with  a  wTonght  iron  coil),  of  only  half  an  inch  bore  and  tonr  inches 
external  diameter,  being  torn  open  in  nine  cases  out  of  ton. 

The  carbon  obtained  in  the  snccessfnl  experiments  is  as  hard  as 
natoral  diamond,  scratching  all  other  crystals,  and  it  does  not  affect 
polarised  light.  I  have  obtained  crystals  with  cnrved  faces  belonging 
to  the  octahedral  form,  and  diamond  is  the  only  substance  crystal- 
liring  in  this  manner.  The  crystals  bam  easily  on  thin  platinum-foil 
over  a  good  blowpipe,  and  leave  no  residue,  and  after  two  daya' 
immersion  in  hydrofluoric  acid  tfaey  show  no  sign  of  dissolving,  even 
when  boiled.  On  beating  a  splinter  in  the  electric  arc,  it  turned 
black — a  very  characteristic  reaction  of  diamond. 

Lastly,  a  little  apparatus  was  constructed  for  effecting  a  combustion 
of  the  crystals  and  determining  their  composition.  The  ordinary 
organic  analysis  method  waa  used,  bnt  the  diamond  crystals  were  laid 
on  a  thin  piece  of  platinum- foil,  and  this  was  ignited  by  an  electric 
curreut,  and  the  combustion  conducted  in  pure  oxygen.  The  result 
obtained  was,  that  the  sample  (14  mgrms.)  contained  9785  per  cent. 
of  oarbon,  a  very  close  approximation,  considering  the  small  quantity 
at  my  disposal.  The  apparatus  and  all  analyses  will  be  folly  deecribed 
in  a  foiare  paper. 

ReceiveJ  Febniary  25,  1880. 

Extract  from  a  letter  from  Ur.  Hannay,  dated  23rd  February : — 

"I  forgot,  in  the  preliminary  notice,  to  mention  that  the  specific 

gravity  of  the  diamond  I  have  obtained  ranges  as  high  as  3'5 ;  this 

being  determined  by  flotation,  using  a  mixture  of  bromide  and  flnoiide 

of  arsenio." 


Preteiiti,  February  5,  188U. 

Transactions. 

Haarlem  r — Societe   Hollamlaise    des    Sciences.       Archives   Keor- 
landaiaes.     Tome  XIV.     Livr.  3-S.  8vo.  JIarlem  187y. 

The  Society. 

Helsingfors: — Pinska  Vctenslcapssociotet.     Uelsningsskrift  af  Otto 

E.  A.  Ujelt.  8vo.  HeUingf^rt  18-7.  The  Societv. 
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Transactions  (continued). 

Jena : — Medici n"ech-i  »  Denk- 

schrift.     Band  1.     A       i  I  ito.  Jena  1879. 

The  Society. 

Leipzi?  : — Fiiratlich  Jablouowski'sche  QeseUschaft.     Preisschriften 

XXII.  8vo.  roy.  Leipsiig  1879.  The  Society. 

London; — City   and  Guilds'  Institate.      Technological    Esaminii- 

tioiis.     Programme  for  1880.  8to.  hofuhn  1879. 

The  Institute. 
Institution  of  Uechanical  Engineere.     Proceedings.  1879.   No.  5. 
»vo.   London.  The  Institntion. 

^liiioi'nlogical  Society.     Uagazine  and  Journal.  Vol.  III.  No.  15. 
8vo.  LoH-loK  1879.  The  Society. 

Oiloiitotogical  Society.     Transactiona.     Vol.  XII.     Noa.  1  and  2. 
8vo.  L-»'lon  1879.  The  Society. 

Louvain;— L'Uuiverait^  Cftthohque.  i  in u aire  :  1880.  Theses  de 
la  l-'auulte  de  Theologie,  457-474.  These  do  la  Faculty  de 
JU'dcL-inp,  79.  Theses  de  la  Paculte  de  Droit,  .^2^55.  Disser- 
tation |i!ir  Dr.  Triboul.  Dissertatio  Philologica  :  Dobbelstein. 
Dihsertntio  Canoiiica :  Fink.  8vo.  Lvcunii.  Revue  Catboliqae. 
8vo.  Lou-rain  1879.  The  University. 

St.   Pclorebiirsrli : — Academic  Imperials  dea    Scieucea.     Mi^moins. 

T e  XXVI.    12-14.     TomeXXVil.    No.  1.    4lo.  St.  PAwf- 

/"uii-'j  l.'S7'J.  The  Academy. 


iitioiih  lutd  Hf'purts. 

■/.; — iHpsi'iv;itiirio  de  Marina  de  la  Ciudad  de  Sati   Fernando. 

AUuluu..^»y^  X;iiUico.    1880.  8vo,  Madrid  1878. 

The  Observatory. 
jniinu' :  —  Ui'poi-ta  of  the  Mining  Surveyora  and  Registrars. 
Miiii'h  iiii.l  .liiue,  1879.  Statistical  Hegi^ter.  ]»^78.  Parts  1-4. 
Miiivnil  Sii.iiwtics.  1878.  Report  of  tlie  Chief  Inspector  of 
.^llIu■^.  1^7^^.  Folio.  Melbourne.  Historical  Reuords  of  Port 
I'liilliii,       Iviited  by  J.  J.  Shillinglaw.   8vo.   Melbourne  1879. 

The  Government  of  Victoria. 
K(  rv;iliPiy,  ISesultsof  Observations  in  Meteorology,  &c.  187ti. 
\\,l  v.  -vt).  Monthly  Record.  January  to  August,  1879.  8to. 
The  Observatoty. 
-:-  -hirn'iiiin  do  V  Ad  ministration  Genorale.  StiUistique  Mnni- 
ti]«ile.  I'-7S.  Ifulletin  Recapitnlalif.  1879.  Bulletiti,  Jannary 
to  .<,>|i(i-iiiIm'i-.  Folio.  I'aris.  The  Bnreaa, 

;iillis:  —  Ki.ole  des   Ponts   et  Chai      '  i"'       .      ■    jg  g^j.  jgg 

l_'-ur.s  d'Kuu  ct  laPluie.  1877.  Folio.  H  servationa 

Ci.>iitmliM>tfs.    1877.  8vo.  Versaillct  187'.i,  'J  lo  School, 
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Attfield  (John)      Chemistry  :    General,  Medical,  and  Pharmaceutical. 

8th  edition.  8yo.  Philadelphia  1879.  The  Publisher. 

Lind^ren    (H.  G.)     Index  Librorum  quos   reliquit  U.   G.  L.     8vo. 

UpsalioB  1880.  W.  Schultz. 

Mueller  (Baron  F.  von)     Eucaljptographia :     A  descriptive  Atlas  of 

the  Eucaljpts  of  Australia  and  the  adjoining  Islands.     Decades 

III  and  IV.  4to.  Melbourne  1879.  The  Author. 


Pre$enU,  February  12,  1880. 

Transactions. 

Batavia : — Koninklijke  Natuurkundige  Vereeniging  in  Neder- 
landsch- Indie.  Natuurkundig  Tijdschrift.  Deel  XXXVIII. 
8vo.  Batavia  1879.  The  Union. 

Cambridge  (M;iss.)  : — ^Annual  Reports  of  the  President  and  Trea- 
surer of  Harvard  College.  1878-9.  Annual  Report  of  the 
Director  of  the  Astronomical  Observatory.  8vo.  Cambridge 
1879-80.  The  College. 

London: — Chemical  Society.     Journal.     Nos.  20S-205,  and  Sup- 
plementary Number.  8vo.  London  1879.  The  Society. 
Pharmaceutical  Society.    Journal.    July  to  December,  1879.  8vo. 
London.  The  Society. 
Quekett  Microscopical  Club.      Journal.     No.  41.   8vo.   London 

1879.  The  Club. 
'  Royal  Asiatic  Society.    Journal.    Vol.  XII.  Part  1.  8vo.  London 

1880.  The  Society. 
Royal   Institute  of  British  Architects.     Transactions.     1878-9. 

Nos.   12-14.     List  of  Members.      President's  Address.   4to. 

London  1879.  The  Institute. 

Paris  : — Ecole  Normale  Superieure.     Annales.     Tome  YIII.     Nos. 

6-12,  et  Supplement.  4to.  Paris  1879.  The  School. 

Soci^te  de  Geographic.     Bulletin.     November,  1879.  8vo.  Paris 

1879.  The  Society. 

Philadelphia: — American     Philosophical     Society.       Proceedings. 

Vol.  XVIII.     No.  102.   8vo.   Philadelphia  1879. 

The  Society. 
Franklin  Institute.     Journal.     Vol.  LXXVIII.     No.  0.     8vo. 

The  Institute. 

Rome: — R.  Accademia  dei  Lincei.     Transunti.     Vol.  IV.  Fasc.  1. 

4to.  BovM  1880.  The  Academy. 

R.  Comitato  Geologioo.      Bulletino.     No.   11  e  12.   8vo.    Ronui 

1879.  The  Association. 


Iit2 

Transactions  (eontinved). 
Stockholm:— Konf^l.    Vi 
XVII.       No.  1.        .. 
Nos.  1-f).  8vo.  &'(oc4Ao       1 
Utrecht  ;^Nederlandach 
8vo.   UL-eclU  1879. 
Provinc-iual    Ulrechtacb   Oenootsohsp 


Bftndet 

Forhandlingar.     1879, 

The  Academy. 

)oglijdors.      Jaarveralag. 

The  Hospital. 

an  Knnaten  ea  Weten- 

schappen  Jaarverel^.  1877-18?8.    Svo.    Utreehl.      Spctievere- 

lag.    1877-1878.    8vo.    Utreckl.     A     andlnng  von   Dr.  J.  B. 

Uiirnbusch.  Svo.  Utreekt  1878.  andeling  von  Dr.  J,   E. 

Enklaar.  4to.   Utrecht  1878.  The  Society. 

Watfonl:— Natural  History  Society.    Transactions.    Vol.  11.    Parts 

3  au.1  4.  Hvo.  London  1879.  The  Society. 

Wiii-zburp; : — ^Zoologisch-zootomiBche  Institnt,    Arbeiten.     Band  V. 

Heft.  2.  avo.   Wiirzburg  1879.  The  lustifcate. 

Zurich: — Naturforschende  Qesellschaft     Neajahrablatt.  1879.  4to. 

Ziiricl.  1878.  The  Society. 


l)')St'i'vatir)ns  anil  Reports. 
Bunilwiy  ; — ObHurvatory.     Brief  Sltetoli  of  the  Meteorology  of  the 

Bombay  Tresidcncy  in  1878.  8to.  Bombay  1879. 

The  Meteorological  Reporter, 
Dobtiu  :— Gcnenil  Register    Office.       Weekly    Retnraa    of    Births 

and   Dfatiis    in    Dublin,   Ac.     Jane  to   December,   1879.    8vo. 

Qnaftrily  Ri-turn  of  Marri^ea,  Births,  and   Deaths.     April   to 

Srplcmber,  l>^7;l.   8vo.  The  Registrar- General. 

Geneva  :  — DiHi'i'mination  telegraphiqne  de   la   Dificrenco  de  Longi- 

tudvenlru  les  Obaervatoires  de  Geneve  et  do  Bogenhausen.  ito. 

a.  „;■,■•: U.df.Li/on  1879.  E.  Plantamoor. 

J[;inclu.-ilei':  -i{L']iorfc  on  the  Working  of  the  Pablic  Free  Libraries. 

1-^r-  -I  ^7;*.   Hvo.      Report  of  the  Muaeum,  Librariew,  and  Parke 

{■oinniilhT:   Hiirough  of  Salford.   1878-'.!.   8vo.        The  Council. 
Napli'-: -Z..ol.>L,'i>clie  Station  zu  Neapel.  Mittlieihingen.     Band  I. 

11,11,.  ::  ,111.1  4.  yv-o.  Loip^i'j  1879.  The  Observatory. 

New  Yoi-1^  :  -C\">])rr  Union.     Report  of  the  Trustees.     1879. 

The  Union. 
Home: — Mricinvlo;;i<.-al  Congress.     Rappoi-ts  par  le  Dr.  C.  Pittei. 

Hv,..   fl. ,.■■■«,:.  1><79.  The  Cougreae. 

Svdnej-:— t)li,..,.rvalory.    Results  of  Rain  Observations,    1878.    8vo. 

Sifl-'ij  1>^7;',  The  Government  /       ouomer. 

Turin  : — (issLTViitorio  Effemeridt  del  Sole,  della  Luna,  e         Princi- 

pali  I'iiinuli.     1879.     8vo.  Torino  1878.  The  C        rvatoiy. 

I'ulkowii : — Obncrvatoire.     Mcsures    Micro  me  triqnes  i  ece   dea 
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Obiervfttioiu,  fto.  {amUnuuit). 

ttcnlm  Dooblee.     4to.  Sl.-PSteribowrff  1879.     Tabnle  Qnanti- 
tfttom  BBMelianaram  1880-^.    Sro.  Pefro^i  1879. 

The  Obserratory. 

Yienna:— K.  K.   Slernwftrte.      Annalen.      Band  XXVIII.      8vo. 

Wien  1879.  The  Obacrvatory. 


JonmalB. 

Analyst.    Vol.  IV.   Noa.  40-45.    Title  and  Index.    8to.  London 

1879.  The  Editor. 

Bnilder.    Vol.  XXXVII.  Nob.  1900-25.    Title  and  Index.    Eoyal 

8vo.  London  1879.  Ite  Editor. 

Design  and  Work.     Vol.  VII.     Eoyal  8yo.  Loitdon  1879. 

The  Editor. 
Flora  Batavs.     Aflevering  245-248.     4to.  Leyden. 

H.M.  the  King  of  the  Netherlands. 
Indian  Antiqnary.    Vol.  VIII.  Parts  94-101.    4to.  Bombay  1879. 

The  Editor. 
Zeitochrift  fur  Biologie.    Band  XV.    8ro.  Muneken  1879. 

The  Editors. 

Zoologischer  Garten.     Jalirg.  XX.     Kos.  1-6.     8?o.    Frank/urt-a. 

Main  1879.  Zoologische  GoselUchaft. 


Adand  (Henry  W.),  F.R.S.      Medical   Education.      8vo.    Ballimore 
1879.  The  Author. 

Oanbr^  (AngoBte)    Discoare.      Si'ance  dee  Cinq  Acadcmios.     4to. 
FarU  1879.  The  Author. 

Qladisch  (AnguHla)    Die  Vorsokratische  Fhilosophie.     8ro.    Obituary 
Notice ;  Oorrespoudunce  de  Berlin.     1879,  No.  SO.  8to. 

The  Executors. 

Hayter   (Henry    Heylyn)      Infantile  Mortality   in   South   Australia. 
8vo.  Adelaide  [1878].  The  Author. 

Iajob  (Schilling)     A  Komai  kiralysag  ellurlcse  ^  a  koztarsasdtg  mega- 
hipittba.    Hvo.  The  Aothor. 

lAlanu«  (L.)  ami  G.  Lemoine.     Sar  les  demi^res  ernes  de  la  Seine. 
4to.  Paris  1H70.  The  Anthors. 

PUmti  (Gaston)     Rechorches  sur  I'Electricit*?. "   Tome  II.     Fane.  1,  2. 
8vo.  i'oriH  1879.  The  Author  by  the  President. 

BoBsetti  (Francesco)     Sulla  Temperatura  deUa  Lace  Elettnca.     Sro. 
Veuexia  1879.  The  Author. 

Sorby  (U.  C),  F.R.S.     AnnivcTBnry  Address  to  the  Horal   Micro- 
scopical Society.     8vo.  Lotid'm  [1877].  The  Author. 

Tidy  (Charles  lluymott)     The  London  Water  Supply.     8vo.  London 
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Tommasi  (D.)    Recherc     a 

8vo.  Florence.     R6dn. 
Nuove    Prove  in   Coi 
Kasconte    dell'Idro         ). 
Termico  nuUe  Azione  I 


Wex  (Gnstav,  Ritter  von)     Zwe 

naiime   in   den   Qtiellen,  F!i 

Steificrung  der   Hocht 

187i>. 
Woodman  (W.  Bathnrst)  and  C.  Meymott  Tidj.     A  Handy-book  of 

Fori^nKic  Jtfdicine  and  Toxicology.     8to.  London  1677. 

The  Anthors. 


''eb.  13, 

ipriqnee. 

ia  Termica  Bullo  Statu 
^  1S79.  Sull'Equilibm 
vo,  Firenie  1879. 

The  Anthoi-. 

ung  uber  die  Wa8aorab- 

-omen  bei  Gleichzeitdger 

Iturlandem.      4to.    Wieii 

The  Vienna  Academy. 


Transactions,  Ac. 


PreienU,  February  19, 11 

Transactions. 

Adelaide  : — Philosophical  Society. 

Ad-:liu,le  1878. 
Barnslcy  : — Jlidland  Institute  of  Mining  En; 

Vol.  VII.  Part  48.  8vo.  Bamsley  187&. 
Eiislbtiui-ne : — Natural    History    Society. 


1877-78.  8vo. 
The  Society. 

a.     Traneactioas. 

The  loatirate. 

1  Report.    1879. 

The  Society 

Halifti.'i,  Nova  Scotia: — ^Institute  of  Natural  Science.      Proceedings 
and  Tnnisiic Lions.  Vol.  V.  Part  1.  8to.  Salifai:  1879. 

The  Institute. 
London : — Brltisii  Museam.  Facsimiles  of  Ancient  Chai'tere. 
I'art  IV.  Folio.  London  1878.  lllnsti-ations  of  Lepidoptera 
lliliroifi-a.  i'art  III.  4to.  L<mdwi  1H7U.  Illustrations  of 
0...k<ipt (■!■:[.  i'art  I.  8vo.  London  1879.  Catuloguo  of  Oriental 
Ci.l.is.  Vol.  IV.  8vo.  London  1879.  The  TrngteeB. 

Will  f  I  mi :  —  llrvtliirilKhire    Natural  History   Society.    Transactions. 
Vo.  II.  r;u[>  -J  and  6.  8vo.  Lmtdon  11:711.  The  Sodely. 


rts. 


liLtistical  Register  for  1878.  Part  VII.  Accumola- 
Wvu.  Melbourne  1879.  Patent.s  and  Patentees, 
dixt-fi  for  1876.  4to.  Melbourne  1879, 

The  Government  of  Victoria. 
rviUuire.      Bulletin  Mensuel.    Vol.   X   and   Vol.  XI. 
L'j,.xd.  1878-79.  The 
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Bancroft  (Joseph)    Pituri  and  Tobacco.  8vo.  Brisbane  1879. 

The  Philosophical  Society  of  Queensland. 
Bmnton  (T.  Lauder),  F.R.S.     Pharmacology  and  Therapeutics;  or 

Medicine  Past  and  Present.  8vo.  Londoti  1880.  The  Author. 

Eamshaw  (S.)     Etherspheres  a  vera  causa  in  Natural  Philosophy.  8vo. 

London  1879.  The  Author. 

Foster  (C.  Le  Neve)     Notes  on  the  Van  Mine.  8vo.  [1879]. 

The  Author. 
Gulliver   (George),   F.R.S.     The    Hunterian    Oration  at  the   Royal 

College  of  Surgeons.    1863.    Second  Edition.    8vo.    Canterbury, 

1880.  The  Author. 

McClintock  (Emory)    An  Essay  on  the  Calculus  of  Enlargement.  4to. 

[Baltimore]  1879.  The  Author. 

MacMunn  (Charles  A.)    The  Spectroscope  in  Medicine.  8vo.  London. 

1880.  The  Author. 

Rosse  (The  Earl  of),  F.R.S.    Observations  of  Nebule  and  Clusters  of 

Stars  made  .  .  .  from  1848  to  about  1878.  Parts  I  and  II.  4to. 

Dublin  1879.  The  Author. 

Wheatley  (Henry  B.)  Life  of  John  Evelyn,  F.R.S.  8vo.  London  1879. 

The  Author. 


Fre^mis,  FebrtMry  26,  1880. 

Transactions. 

Cambridge  (U.S.)  : — Harvard  College.  Museum  of  Comparative 
Zoology.  Bulletin.  Vol.  V.  Nos.  15,  16.  Vol.  VI.  Nos.  1,  2. 
Annual  Report  of  the  Curator.  8vo.  Cambridge  1879. 

The  Museum. 

Jena : — Medicinisch-Naturwissenschaftliche  Gesellschaft.    Jenaische 

Zeitschrifl.   Band  XIII.   Heft  4  and  Supplement  Heft.   8vo. 

Jena  1879.  The  Society. 

London  : — Mineralogical  Society.    Magazine  and  Journal.  Vol.  III. 

No.  14.  8vo.  London  1879.  The  Society. 

Royal  Institution.     Proceedings.  Vol.  IX.  Part  II.     List  of  the 

Members.    8vo.    London    1879.      Additions    to   the   Library. 

No.  22.  The  Institution 

Statistical  Society.  Journal.  Vol.  XLII.  Pairts  3,  4.  8vo.  London 

1879.  The  Society. 

New    York: — American    Geographical    Society.     Bulletin.    1878. 

No.  6.  8vo.  New  York  1879.  The  Society. 

Paris :  —Museum  d'Histoire  Naturelle.     Nouvelles  Archives.  Tome 

II.  Fasc.  2.  4to.  FarU  1879.  Planches  IV  et  V  du  Vol.  X.  4ta 

The  Museum. 


im  ^eb.  26. 

Transactions  (i-onlinJied.) 

Pisa  :— Societii    T  Processi 

Vcrbali,  May  to  W  .  annary,   1H«U.    avo.  /'Ua 

18/9.  The  Society. 

Vienna: — Anthropologigohe  '  Mittheilongen.  Band  IX. 

Kos.  4-8.  8vo.  Wien  18'  The  Society. 

Washington : — Smithsonian   I  ContribnfcionB,  No.  317. 

4to.    Waglnnglon  1879.  The  Inetitntion. 

Observations  anil  Reports. 

Coimhr.a: — Observatorio    da   U  i        ;.      Epbomerides    Astro- 

nomiciis.  1881.  8to.  Co             It     K  The  Observatory. 

London  :—S(afTord  House  d      i  OperationB  in  the  Roaso- 

Turkish  War,  1877-78.  8vo.  1  1879. 

The  C  per  Sir  J.  Fayror,  P.R.S. 

Mclboumi! ;— Victorian  Year-Book.  1  'ft.  8vo.  Londun  1879, 

The  Author. 


American  Journal  of  Otology.  Vol,  I.  Nos.  3,  4.  8vo.  New  York 
18711,  The  Editor. 

Bnllctino  di  nibliografia  e  di  Storia.  Tomo  XI.  Indici.  Tomo  XII. 
May  to  S<-|itcmber.  4to.  Soma  1879.    The  Prince  Bonuorapagni. 

Scottish  Niitumlist.  Noa.  35,36.  8vo.  Edinburgh  1879.    The  Editor. 


llL'iison  (1,.  y.)     Mailieniatica  in  a  Dilemma.  8vo.  Neia  Yorjc  1879. 

The  Author. 

Dornii    (Aliss;iiuir.i)      SuIIo    Strumento   <    i    Passage!   Tascabile    di 

.Str.L'i'r,   Ac.  8v(j.    T-iino  1879.      Sulla  UL-ttrminazione  del  Tempo 

collii  Slnniiciitodci  Passaggi  Trasportabile.  8vo.  Torino  1879. 

The  Author. 
Filz._-inild  (U.  D.)     Australian  OrchidB.  Part  5.  Folio.  Syd-ney. 

The  Author. 
l''i!itikl:\oil  (Iv).  K.R-S.     Water  Analysis  for  Sanitary  Purposes.  8vo. 

'. '■'.'    1-^''-  The  Author. 

(iiinIiMli   (A.)      Die   j^gyptiache   Entstellung   dea    Pythagoras.    8vo. 

]!■■■'.■„    l--7',i.  The  Author. 

Hclliii;iiiii  (I'li-tiiv)     Die  Organiaation  des  Metoorologischen  DiensteB 

in  dcii  Jboijil^t^iatcn  Europaa.  R-  H.  Scott,  F.R.S. 

Jones  (T.  Hup.rt),   K.R.S.     Notes  on  the  PaloHizoic  Bivalved  Ento- 

niostnic:!.  .-iv...  L.iulon  [1879].  The  Author. 

Mun-ell  (Willijiui)     Nitro- Glycerine  as  a  Remedy  for  Anginn  Pectoria. 

>^vo,   ; /.,„  1880.  1       Author. 

i'liilli|is  (.r.  Arthur)     A  Contribution  to  the  History  of  U  Voina. 

svo.  Lw.l^u  [1879].  'J       Autlior. 
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March  4,  1880. 
THE  PRESIDENT  Id  the  Chair. 

The  Presents  received  were  laid  on  the  tahle,  and  thanks  ordered  for 
them. 

In  porsaance  of  the  Statutes,  the  names  of  Candidates  for  election 
into  the  Society  were  read,  as  follows : — 


Alderson,  Henry  James,  Col.  R.A. 
AUhutt,   Thomas   Clifford,  M.A., 

M.D.,  F.L.S. 
Attfield,  Prof.  John,  Ph.D.,  F.C.S. 
Ayrton,  Prof.  William  Edward. 
Blanford,  Henry  Francis,  F.G.S. 
Bristowe,     John      Syer,     M.D., 

F.R.C.P. 
•Christie,  William  Henry  Mahoney, 

M.A.,  Sec.  R.A.S. 
€reak,     Ettrick    William,     StafE 

Commander  R.N. 
Creighton,  Charles,  M.D. 
Dallas,        William        Sweetland, 

F.L.S. 
Dallinger,  Rev.  William  Henry. 
Day,  Francis. 
Dohson,    George  Edward,   M.A., 

M.B.,  F.L.S. 
Douglass,        James        Nicholas, 

M.I.C.E. 
Dyer,  William  Turner  Tliisolton, 

M.A.,  F.U.S. 
Oodman,     Frederic     Du      Cane, 

F.Ii.S.,  F.G.S.,  M.E.S. 
God  win- Austen,    Henry     Haver- 
sham,  Lieut.- Col. 
Gk)odeve,  Prof.  Thomas  ^linchin, 

M.A. 
Grantham, Richard  Boxall,F.G.S., 

M.I.C.E. 
Oraves,  The  Right  Rev.  Charles, 

Bishop  of  Limerick. 


Hannyngton,      John       Caulfield 

Major- General. 
Heaton,     John      Deakin,     M.D., 

F.R.C.P. 
Hughes,  Prof.  David  Edward. 
Jeffery,  Henry  M.,  M.A. 
Kempe,  Alfred  Bray,  B.A. 
Leo,      John      Edward,      F.S.A., 

F.G.S. 
Liversidge,        Prof.       Archibald, 

F.G.S.,  I^.C.S.,  F.L.S. 
M'Coy,  Prof.  Frederick,  F.G.S. 
McLeod,    Prof.    Herbert,    F.LC, 

F.C.S. 
Miller,  Francis  Bowyer,  F.C.S. 
Moulton,  J.  Fletcher,  M.A. 
Niven,      Prof.      Charles,      M.A., 

F.RA.S. 
Pulgrave,   Robert  Henry    Inglif, 

F.S.S. 
Phillips,  John  Arthur. 
Preece,  William  Henry,  C.E. 
Priestley,  Prof.  William  Overend, 

M.D.,  F.R.C.P. 
Rae,  John,  LL.D. 
Ranyard,         Arthur         Cowpcr, 

F.RA.S. 
Rawlinson,  Robert,  C.B.,  M.I.C.E. 
Roinold,    Prof.    Arnold    Wiliium, 

M.A. 
Ronnie,  Gcorp^e  Banks,  C.E. 
Reynolds,      Prof.     J.      Emerson, 

M.D. 
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Spiller,  John,  F.C.S. 

G.a 

Thudichum,  John  Louis  William, 

'.iam,M.A 

M.D.,  F.K.C.P. 

Tilden,  William  A.,  D.Sc. 

;,  Chirle.  R.  Alder,  D.Sc. 

Tribe,  Alfred,  F-CS. 

:,  Edward  Perceval,  M.A. 

Walsingham,  Tbomaa,  Loid, 

./.,  F.L.S. 

The  following  Papers  were  read  t^ 

L  "  Fired  Gunpowder.     N(  i             Existeuoe  of  Potaacduia 

Hyposulphite  in  the  So  li  e  of  Fired  Gunpowder." 

By  Captain  NoBLE  (1  ),  F.R.S.,  &c.,  and  F.  A.  Abel. 

C.B.,  F.R.S.,  V.P.C.S.     .  !(       I       'ebnian-  24,  1880. 

In  onr  second  memoir  on  fir  gni  wder  we  have  discBBSod  in 
detail    tliat   part    of  M.    ,  >t'B  frii    dly    criticism  of  onr  first 

memoir  which  relates  to  the  po  uu      posulphite  found  by  ne,  in 

variable  proportions,  in  onr  i  )f  t      solid  prodncts  obtained  by 

tbe  explosion  of  gunpowder  in  the  i  ■  described.     WLi  !e  pointing 

ont  that  we  had  taken  every  precan  n  in  our  power  to  gaard  against 
the  ])roduction  of  hyposulphite,  by  t  )heric  action  npon  the  po, 

tassium  sulphide,  during  tbe  remoi  the  hard  masses  of  solid  pro- 

ducts from  tlie  explosion  vessel,  and.  had.  eJVectnally  excluded  air  from 
tlicm,  when  oner  they  were  removed  undl  they  were  submitted  to 
analysis,  we  ndniilted  the  impoBsibility  of  guarding  against  the  acci- 
dental  fortuiition  of  sorao  hyposulphite  during  the  process  of  removal, 
eB|K'cia]ly  in  some  instances  in  which  the  structure  of  the  reBidue  had 
certainly  licen  favourable  to  atmospheric  action,  and  in  which  a  more 
or  less  fonsidorabic;  development  of  heat  had  afforded  indications  of  the 

Wo  oontonded,  however,  that  the  method  of  analysis,  and  the  pre- 
caulions  adopted  by  us  in  carrying  it  out,  precluded  the  possibilily  of 
nci.'idi'nt:il  fiiriuatirin  of  hyposulphite  attl  stage  of  onr  inveatigationii, 
■\Viih  ruKpi'ct  to  tlio  precautions,  we  could,  and  still  do,  speak  with 
porfi'Ct  ciintidfuce ;  and  wc  certainly  have  bi'licvi'd  ourselves  fully 
justifiid  ill  bi'iuL'  <i|naliy  confident  with  respect  to  the  process  adopted 
by  u"  for  (hr  dct,'imination  of  the  proportion.s  of  .sulphide  and  hypo- 
sulphilc.  iii.'iKniui'h  nt^  we  accepted  and  used  in  its  integrity  the  method 
published  ill  \^'>7  h\-  Bunsen  and  SchischkofF  in  their  classical  memoir 
on  the  prrnlucts  of  explosion  of  gunpowdor,  and  adopted  since  that 
time  bv  sl'viimI  other  investigators  who  liiive  made  tbe  explosion  of 
guiipowdiT  thi'  .■■iiliJL'ct  of  study,  and   whose  result*!  are  ■    ■"  rred   tO  in 

Iiiiposiii:.-  iniplii'it  confidence  in  the  trustworthiness  of     i is  method 
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of  analysis,  emanating  as  it  did  from  one  of  the  highest  aathorities  in 
experimental  research,  we  considered  ourselves  fallj  justified  in  main- 
taining that  the  very  considerahle  variations  in  the  amount  of  hypo- 
sulphite found  in  different  analyses,  carried  out  as  nearly  as  possible 
under  like  conditions,  and  the  high  proportion  of  sulphide  obtained 
in  several  of  those  analyses,  afforded  substantial  proof  that  accidental 
oxidation  during  the  collection  and  analysis  of  the  residues  was  not 
sufficient  to  account  for  all  but  the  very  small  quantities  of  hypo- 
sulphite, which,  in  M.  Berthelot's  view,  could  have  pre-existed  in  the 
powder  residues.  Other  facts  established  by  the  exhaustive  series  of 
experiments  detailed  in  our  first  memoir,  were  referred  to  by  us  in 
our  second  memoir  in  support  of  the  above  conclusion  (from  which  we 
have  still  no  reason  whatever  to  depart).  At  the  same  time  we  de- 
scribed a  series  of  supplementary  experiments  which  had  been  instituted 
by  us,  with  a  view  to  obtain,  if  possible,  further  decisive  evidence  as 
to  the  probable  proportions  of  hyposulphite  and  sulphide  actually 
existing  in  the  residues  furnished  by  the  explosion  of  gunpowder  in 
closed  vessels. 

.  In  the  first  place,  the  residues  obtained  by  the  explosion  of  charges 
of  B.L.G.  and  pebble  powders  were  submitted  to  special  treatment. 
Portions  of  each,  consisting  exclusively '  of  large  masses,  were  very 
speedily  detached  and  removed  from  the  explosion  vessels,  and  sealed 
up  in  bottles  freed  from  oxygen,  having  been  exposed  to  the  air  only 
for  a  few  seconds.  Other  portions  of  the  same  residues  were  very 
finely  ground  and  exposed  to  the  air  for  4f8  hours.  As  was  stated  in 
our  recent  memoir,  the  portions  of  the  residues  treated  in  the  last- 
named  manner  contained  very  large  proportions  of  hyposulphite 
(although  in  one  of  them  there  still  remained  about  3  per  cent,  of 
sulphide)  while  those  portions  which  had  been  for  only  a  brief  period 
exposed  to  air  (and  which  presented  but  small  surfaces)  were  found 
to  contain  from  5  to  8*5  per  cent,  of  hyposulphite.  As,  throughout 
our  entire  series  of  previous  experiments,  no  accidental  circumstances 
had  occurred  which  even  distantly  approached  the  special  conditions 
favourable  to  the  oxidation  of  the  sulphide  presented  in  these  par- 
ticular experiments,  we  considered  ourselves  fully  justified  in  con- 
eluding  that  the  non-discovery  of  any  sulphides  in  the  analyses  of 
residues  furnished  by  the  fine  grain  powder  in  three  out  of  the  whole 
series  of  experiments,  was  not  due  to  lEU^cident  in  the  manipulations ; 
and  that  in  those  instances,  in  our  several  series  of  experiments,  in 
which  large  quantities  of  hyposulphite  were  found,  the  greater  pro- 
portion of  that  substance  must  have  existed  before  the  removal  of  the 
residues  from  the  explosion  vessel. 

Not  suffering  the  question  to  rest  there,  however,  we  proceeded,  in 
the  second  place,  to  adopt  new  precautions,  in  two  special       ] 
ments,  for  guarding  against  the  possible  formation  of  hypoeol 
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tho  rcmnvnl  of  the  residiieB  from  the  explosion  vessel,  and  their  f 

paration  for  analysis. 

Distilled  water,  carefblly  freed  from  air  by  long  contiaari 
boijinj;,  was  syphoned  into  the  vessel  when  it  had  cooled  after  th 
exploijion,  and  thns  no  air  was  ever  allowed  to  come  into  contact  witi 
the  solid  prndncts.  When  the  vessel  was  quite  filled  with  wscer  i 
was  closed,  and,  after  having  been  left  at  rest  for  a  saffieient  tame  {| 
allow  the  residue  to  dissolve  completely,  the  solntion  was  rapidfe 
transferred  to  bottles  which  had  been  freed  from  oxygen.  TfaeH 
when  completely  filled  with  the  liqnid,  were  hermetically  sealed  wati 
the  contents  were  submitted  to  analysis  in  accordance  with  the  nana 
method,  when  they  famished  respectively  4  and  6  per  cent,  of  hypo 
sulphite.  These  results  corresponded  closely  to  others  obtained  by  thi 
analysis  of  suven  residnea  obtained  in  experiments  with  P..  R.Ii.Qi 
and  L.G.  powdoi's,  in  which  there  were  no  pecnliarities  assi^able  tM 
possible  reason  why  the  proportions  of  hyposnlphite  shontd  bs  ■ 
much  lower,  in  these  cases,  than  in  other  experiments  carried  d 
with  the  .-^amc  powders  under  as  nearly  as  possible  the  sama  ofl 
ditions.  « 

By  the  results  obtained  nnder  the  various  conditions  pointed  oat  S 
the  forogoinj?,  wc  were  forced  to  the  conclusion  that  the  discovery  o 
a  small  or  a  laru'er  proportion  of  hyposnlphite  by  the  analysis  of  tlw 
powder  residue,  obtained  as  described,  is  consequent  npon  some  ali^ 
variation  (apparently  not  within  the  operator's  control)  att«ndillj 
the  t'xplosiun  itself ;  but  that  hyposnlphite  does  exist,  though  ^ner^R 
not  to  niiythini;'  like  the  extent  we  were  at  first  led  to  believe,* 
a  normal  uikI  not  unimportant  product  of  the  explosion  of  powdcB^j 

Some  tiiiif  after  the  submission  of  our  second  memoir  to  tha  R(>n 
Socii.'tr,  we  ri'ciivcd  a  communication  from  Professor  Debus,  whid 
bus  led  \is  to  institute  a  further  series  of  experiments  bearing  npoi 
this  q\n's(icin  of  the  existence  of  hyposulphite,  and  the  results  Wi 
liiive  arrived  at  have  led  us  so  greatly  to  modify  our  views  < 
|wiint,  iliiit   it   i<  our  duty  to  commnnicate  them  without  loss  o 


A'i  iiiiiijihirtiiry  til  these,  it  is  necessary  to  repeat  the  account,  gi« 
id  our  liv-i  iucmiiir.  of  the  method  pursued  by  ns  for  determining  ttu 
(,ro|Kirii'ni>  ril'  pi.tiissium  monosulphide  and  hyposulphite  in  a  powdB 

Till'  M'lntiiin  ■■f  the  residue,  prepared  by  the  several  methods  already 
il.'stTihi'il.  iv:is  s.'p^r.ited  by  filtration,  as  rapidly  as  possible,  from  thi 
in>.oluIili'  |"iiliiin,  (he  liquid  being  collected  in  a  flask  in  which  it  wai 
at  oni'e  liiiniirht  into  contact  with  pnre  ignited  copper  oxide.  TK 
soluliiin  aiul  o\iile  were  agitated  together,  from  time  to  time,  la.M 
cl<jsed  llask,  the  two  being  allowed  to  remain  together  natil  the  UqH 
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was  perfectly  colourless.  In  a  few  instances  tbe  oxide  was  added  in 
small  quantities  at  a  time,  in  others  the  sufficient  excess  was  added 
at  Qnce,  with  no  difference  in  the  result  obtained.  The  only  points 
in  which  this  method  differed  from  that  described  by  Bunsen  and 
Schischkoff  in  their  memoir,  was  in  the  employment  of  a  flask  well 
closed  with  an  india-rubber  bung  for  the  stoppered  cylinder  which 
was  employed  by  them ;  and  in  occasionally  curtailing  somewhat  the 
prescribed  period  (two  days)  for  which  the  liquid  and  the  copper 
oxide  were  allowed  to  remain  together,  the  operation  being  considered 
complete  when  the  solution  had  become  colourless.  Bunsen  and 
Schischkoff  prescribed  that  the  liquid  when  separated  by  filtration 
from  the  mixed  copper  oxide  and  sulphide  obtained  in  the  foregoing 
treatment,  is  to  be  divided  into  seven  equal  volumes,  in  one  of  which 
the  amount  of  hyposulphite  may  be  most  simply  estimated  by  acidi- 
fying it  with  acetic  acid,  and  then  titrating  with  a  standard  iodine 
solution.  This  course  was  adopted  by  us,  an^  it  will  therefore  be 
seen  that  we  departed  in  no  essential  point  whatever  from  the  method 
of  Bunsen  and  Schischkoff,  which  we  had  considered  ourselves  fully 
warranted  in  adopting,  without  questioning  its  trustworthiness. 

We  were  informed,  however,  last  July  by  Dr.  Debus,  that  in  sub- 
mitting potassium  polysulphides  to  treatment  with  copper  oxide,  he 
had  found  much  hyposulphite  to  be  produced,  even  when  air  was 
perfectly  excluded,  it  having  been  in  the  first  instance  ascertained 
that  the  several  polysulphides  experimented  with  did  not  contain  any 
trace  of  hyposulphite.  We  proceeded  at  once  to  confirm  the  correct- 
ness of  his  observations,  by  submitting  potassium  polysulphides  to 
treatment  with  copper  oxide,  proceeding  exactly  according  to  the 
method  prescribed  by  Bunsen  and  Schischkoff  for  the  treatment  of 
powder  residues.  In  one  experiment  we  obtained  as  much  as  87*1 
per  cent,  of  potassium  hyposulphite  (calculated  upon  100  parts  of 
potassium  monosulphide).  Even  in  an  experiment  with  pure  potas- 
sium monosulphide,  we  obtained  11*6  per  cent,  of  hyposulphite  upon 
its  treatment  for  the  usual  period  with  copper  oxide. 

We  next  proceeded  to  convince  ourselves  that  by  substituting  zinc 
chloride  solution  for  copper  oxide,  the  sulphur  existing  in  solutions 
of  potassium  mono-  and  poly-sulphides  might  be  abstracted,  accord- 
ing to  the  usual  method  of  operation,  without  producing  more  than 
the  very  small  quantities  of  hyposulphite  ascribable  to  the  access  of 
a  little  air  to  the  sulphides  before  or  during  the  method  of  treatment. 

Having  confirmed  the  validity  of  Dr.  Debus'  objection  to  Bunsen 
and  Schischkoff*s  method,  and  established  the  tmstworthiness  of  a 
modification  of  that  method  (zinc  chloride  being  substituted  for  copper 
oxide),  we  proceeded  to  submit  to  precisely  similar  treatment  with 
these  two  reagents  portions  of  solutions  obtained  by  dissolvi  w  i 
total  exclusion  of  air  (in  the  manner  described  in  our  last  uu 
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1 

flxpeii- 

mcnts  with  P.,  Il.L.G.,           if.U, 

he  nsoal 

cooditiona  obtaining  in  < 

ranging 

brarn  4,200  to  35,000      s.  (271i 

1  2,268  gnns.).     The  fol- 

owing  is  a  tabulated                     (ii 

ilta  obtained  by  the  two 

modeB  of  treatment,  and  ot 

Btween  the  proportions  of 

tijposulphite  obtained  by  ' 

of  [       ions  of  one  and  the  aame 

residue  with  tlie  two  c 

dor  conditione  as  nearly 

alike  as  possible  : — 

Table  r. 

Amount  ot  hyposulphite 

f:,l  ."r'p'r 

Quantity  used. 

or 

furniihed  hj  100  porta  of 
powder  with  emptojinent 
of— 

Qmins. 

Onms. 

Zine 
t'hloridc. 

oS'.f^"' 

Differ- 
enco. 

a  15           p. 

3,396 

220  '05 

0-3 

■IB 

1-93 

1-81 

■Ml              p. 

5,660 

366 '76 

0 

ft 

■07 

2-46 

2  39 

24-;        R.L.a. 

4,300 

272  16 

(1 

4 

■06 

143 

1-38 

2U            KL.a. 

5,250 

340 'IS 

(1 

s 

■06 

1-58 

1'63 

2l:f             F.G. 

4,523 

293  ■« 

0 

4 

■07 

1-56 

!■« 

212             F.G. 

6,300 

(1 

■27 

2 '26 

l-» 

2(7               P. 

35,000 

2,367  -97 

0 

83 

■78 

2-83 

2-M 

(5  lb.) 

For  parposes  of  eomparison,  we  subjoin  a  statement  of  the  loweafc 
pi^oportious  of  liypoanlphite  furnished  by  100  parts  of  the  three 
powders  used  in  our  general  series,  and  also  the  proportions,  similarly 
expressed,  which  were  obtained  in  the  experiments  with  Kporting  and 
miiiiutr  powder,  the  residnes  of  which  were  dissolved  with  the  same 
Jipi'ciiil  precautions  adopted  in  the  case  of  the  experiments  given  in 
Table  1. 

Table  II.  ' 


':;::.';!:::[.    >■..-.- of po.d«r. 

Amount  of 
hypoBuIpbitci 

in  100  p*rt» 

of  gunpowder 

uted. 

Kflmark*. 

7                1                            PobblB. 

II.          1                  R,L.Q-. 

17           I                    F.G. 
iml               (.■iiriisiHuTey  No.  6, 
an                        Minmg  powder, 
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tuki'ii    in    ciiilectiog 
tho  rcaidue. 

1880.]  Fired  Gunpowder.  203 

lu  reference  to  the  foregoing  nnmerical  statements,  we  hftye  to  oiler 
the  following  observation : — 

1.  Substitnting  zinc  chloride  for  copper  oxide  as  the  precipitant 
of  the  snlphur  which  existed  in  the  form  of  snlphide  in  solutions  of 
powder  residues  to  which  air  had  not  had  access  at  all,  until  the  time 
of  its  treatment  with  the  zinc  chloride,  the  amount  of  hyposulphite 
existing  in  solution  after  such  treatment  was  found  to  range  from 
0*05  to  078  in  100  parts  of  gunpowder,  while  the  treatment  of  poi^ 
tions  of  the  same  solutions  with  copper  oxide,  in  the  precise  manner 
adopted  in  our  series  of  experiments,  yielded  proportions  ranging  from 
1*38  to  2*39  per  100  of  powder  used.  Comparing  the  results  furnished 
by  the  two  modes  of  treatment,  it  will  be  seen  that  in  the  case  of  the 
parallel  experiments  (245),  which  exhibited  the  least  considerable 
difference  in  the  amount  of  hyposulphite  found,  that  existing  after  the 
copper  oxide  treatment  was  about  sixteen  times  greater,  while  in  the 
case  of  the  highest  difference  (Experiment  241)  it  was  about  thirty- 
four  times  greater  than  that  found  after  the  treatment  with  the  sine 
chloride. 

2.  It  would  appear  from  these  results  that,  in  four  or  five  out  of 
seven  experiments,  no  hyposulphite,  or  at  any  rate  only  minute 
quantities,  existed  in  the  residues  previous  to  their  solution,  and 
although  it  would  seem  to  have  existed  in  very  appreciable  amount 
in  two  out  of  seven  residues,  the  highest  proportion  found  after  the 
sine  chloride  treatment  was  less  than  one-half  the  lowest  proportion 
found  in  our  complete  series  of  analyses  in  which  the  copper  oxide 
treatment  was  adopted. 

3.  A  comparison  of  the  results  among  each  other  leads,  therefore,  to 
the  conclusion  that  potassium  hyposulphite  cannot  be  regarded  as  a 
normal  constituent  of  powder  residue  (obtained  in  experiments  suoh 
as  those  carried  out  by  us),  and  that  M.  Berthelot  is  correct  in  re- 
garding this  salt  as  an  accidental  product,  which,  if  existing  occa- 
sionally in  appreciable  amount  in  the  solid  matter  previous  to  its 
removal  from  the  explosion  vessel,  is  formed  under  exceptional  con» 
ditions,  and  then  only  in  comparatively  small  proportions. 

While  submitting  this  as  the  conclusion  to  be  drawn  from  our  most 
recent  experiments,  we  are  of  opinion  that  the  following  points 
deserve  consideration  in  connexion  with  the  question  whether  hypo- 
Bulphite  may  not,  after  all,  occasionally  exist,  as  the  result  of  a 
secondary  reaction,  in  comparatively  large  proportion  in  the  explosion 
vessel  before  the  residue  lb  removed. 

It  will  be  observed  that  although  the  copper  oxide  treatment,  when 
applied  to  the  sulphide  in  the  pure  condition  (i.e.,  undiluted  with  the 
other  potassium  compounds  found  in  powder  residue),  gave  rise 
to  the  production  of  very  large  proportions  of  hyposulphite,  when 
polysulphides  were  used,  the  highest  proportion  of  that  snbstanoe 
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foatid,  after  the  treatment  of  the  purticalar  residues  naed  in  the  ei 
periments  given  in  Table  I,  only  amounts  to  2*82  per  cent,  upon  th. 
gunpowder  (pebble  powder)  employed,  which  corresponds  to  abou 
145  per  cent,  of  the  average  proportion  of  monoaalphide  existing  ii 
the  residue  fnruiBhed  by  that  powder.  In  observing  this,  it  nius 
be  borne  in  mind  that  tiie  sulphide  CKieting  in  powder  residue  i 
always  present,  in  part,  and  sometinieB  to  a  considerable  extent,  ii 
the  form  of  polysnlphide,  also,  that  the  experimenta  with  the  sol 
phidoa  wore  conducted  precisely  according  to  the  method  pursued  ii 
the  treatment  of  the  powder  residoea.  It  would  appear,  therefore 
as  though  the  mixture  of  ilie  sulphide  with  a  very  large  proportioi 
of  other  salta  in  solution  rendered  it  less  prone  to  ondatiou  by  thi 
copper  oxide  than  when  the  undiluted  sulphide  is  submitted  to  it 
action. 

In  comparing  with  the  results  furnished  by  the  zinc  chloride  thoij 
obtained  by  the  copper  oxide  treatment,  in  the  special  experimens 
given  above,  it  is  observed  that,  omitting  one  exceptional  resal 
(No.  241)  for  which  we  do  not  attempt  to  account,  the  highest  pro 
portions  of  hyposulphite  are  furnished  by  those  residues  which  aJsi 
gave  the  highest  with  the  zinc  chloride,  the  differences  between  thi 
results  fumiahod  by  the  two  treatments  being  likewise  the  highest  ii 
these  three  cases ;  so  also  the  lowest  proportions  famished  by  the  coppe 
oxide  treatment,  correspond  to  the  lowest  obtained  with  the  eia 
oxide,  and  the  differences  between  the  results  furnished  by  the  twi 
methods  ai'c  in  the  same  manner  the  lowest  in  these.  It  would  almos 
appear,  therefore,  as  though  the  existence  of  a  very  appreciable  pro 
portion  of  hyiwsiilphite  in  the  solution  of  the  residue  had  some  efft 
ill  promoting  tlic  i>rodnction  of  hyposnlphite  when  the  residue  is  Bfl 
mittfd  to  treatment  with  copper  oxide. 

Ill   a  recalculation   of  the   results    of  onr  analyses   of  the   powi 
ri'siiliics    ujHiu    the  'assumption  that  the  whole   of   the  hyposnli^^ 
olilaiiied   ciisted    originally   us   monosulphide,  it  is   found  that, 
si'viTii!   instances  in  which  the  proportion  of   hyposulphite  wa«  hio 
till'  :<niilyli['iil   results  are  much   less   in   accordance   with   each  otil 
than  wlic'ii  it  is  assumed  thiit  the  hyposulphite  found,  or  at  any  ratOI 
very   l:iii,'i'   proiimlion   of   il,   existed  as   sncli   in    the    residne  befop 
i-ciiioviil  Iroiii  the  explosion  vessL-l.     Thus,  taking  the  P.G.  series,  ii 
nhirli  till'  i'f'i;i  ijuiiiilifij  of  hypoaulphit*  actually  found  is  about  donbli 
of  that  oln.'iincil  eitiier  from  the  pebble  or  R.L.G.  powders,  select 
iiig  fniin  llii.<    seiir.s  the  three  oiperiments  which  gave  the  hIgheM 
pruportiiins  of  liypo.-iiilphite,  and  calculating  in  the  manner  desoribw 
111  iiur  liivst  Tiietiioir  the  total  quantities  both  of  solid  and  gaseous  pro 
doots,  lirst  from  the  basis  of  the  analysis  of  the  solid  products,  secondh 
fiiim  the  biL-iis  of  the  analysis  of  the  gaseous  products,  and  further  oi 
the  nssuniptioii  that  the  hyposulphite  found  existed  as  hyposulphii 
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either  as  a  primary  or  secondary  product  prior  to  removal  from  the 
explosion  vessel,  we  have  as  follows : — 

Experiment  No.  40,  F.G.  powder.     Density  *6,  hyposulphite  foand,. 

18'24  per  cent. 

Calculated  Oaloulated 

solid  proilucU.        gaseous  products, 
gnus.  gnns. 

From  analysis  of  solid  products     170*268  . .        125-220* 

From  analysis  of  gaseous  products  . .      172*509*  . .        122*979 

Experiment  No.  42.     F.G.  powder.     Density  *7,  hyposulphite  founds 

18*36  per  cent. 

Calculated  Calculated 

solid  products.        gaseous  product*, 
grms.  grms. 

From  analysis  of  solid  products    ....       200*191       . .       144*547* 
From  analysis  of  gaseous  products  . .        200*220*     . .        144*520 

Experiment  No.  47.     F.G.  powder.     Density  '8,  hyposulphite  founds 

19*95  per  cent. 

Calculated  Calculated 

solid  products.        gaseous  products. 

grms.  grms. 

From  analysis  of  solid  products   231*652       ..       162  335* 

From  analysis  of  gaseous  products  . .        229*392*     . .        164.595 

Calculating  now  in  the  same  manner  the  quantities  of  solid  and 
gaseous  products  on  the  assumption  that  the  hyposulphite  found  was, 
prior  to  removal  from  the  explosion  vessel,  in  the  form  of  mono-  or 
poly-sulphide,  we  have  from  the  same  experiments : — 

Experiment  No.  40. 

Calculated  Oalcukted 

solid  products,     gaseous  prodocta.. 
grms.  grms. 

From  analysis  of  solid  products 157*273       . .       133*842 

From  analysis  of  gaseous  products    . .       168*136      . .       122*979 

Experiment  No.  42. 

Frem  analysis  of  solid  products 185*914       . .       155*722 

From  analysis  of  gaseous  products    ..        197118       ..        144*520 

Experiment  No.  47. 

From  analysis  of  solid  products 21 1*462      . .        176*694 

From  analysis  of  gaseous  products    . .       223*561       . .       164*595 

•  Water  included. 
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Lastly,  we  still  think  that  the  following  facts,  given  in 
memoir,  must  not  be  overlooked  in  considering  the  question  of  possible 
-occasional  existence  of  conaiderable  proportione  of  hyposulphite,  viz., 
that  "the  production  of  high  proportions  of  hyposulphite  was  bat 
little  affected  by  any  variations  in  the  circumstances  attending  the 
Ncveral  explosives  (i.e.,  whether  the  apace  in  which  the  powder  was 
exploded  were  great  or  small),  excepting  that  the  amount  was  high  in 
all  three  cases  when  the  powder  was  exploded  in  the  largest  6pa.ce;  on 
the  other  hand,  a  great  reduction  in  the  aize  of  grain  of  the  gtui- 
powder  used  appeared  to  hiive  a  great  influence  upon  the  production 
■of  hyposulphite,  as  when  paasing  from  a  very  lajge  grain  powder 
(P.  or  R.L.G.)  to  a  Gne  gniin  powder  (F.G.)-  Thus,  the  production 
of  hyposulphite  exceeded  20  per  cent,  (on  the  solid  residue)  in  onljf 
M  out  of  9  experiments  with  P.  powder,  in  3  out  of  10,  with  R.L.G., 
and  in  7  out  of  'J  with  F.G.;  while  it  was  below  10  per  cent,  in  4  ont 
of  9  experiments  with  P.  powder,  in  5  out  of  10  with  R.G.L.,  and  in 
only  1  out  of  d  with  F.G.  powder."  The  experiments  made  with  these 
several  powders  followed  iu  no  particular  order,  and  no  circumstance 
■existed  in  connexion  with  them  to  which  these  great  differences  in  iha 
results  obtained  eould  be  ascribed. 

W(!  append  a  recalculation  of  the  mean  results  of  our  three  seriea 
uf  analysis,  adding  the  values  of  the  hyposulphite  found,  as  mono- 
sulphide,  to  the  amount  of  sulphide  actually  found,  and  we  hope  to  he 
allowed  to  add  to  our  second  memoir  a.  similar  recalculation  of  the 
whole  of  our  analyses. 

This  1-ecalcuIation  develops  (as  we  pointed  ont  in  our  second 
mi'moir  must  necessarily  he  the  case)  a  more  or  less  considerable 
deficicniry  of  oxygen  in  the  total  products  of  explosion;  there  is, 
however,  iu  every  instance,  also  a  deficiency  of  hydrogen,  and  it  mayi 
theii;fore,  ]n:  reasonably  concluded  that  the  deficiencies  in  the  total 
qiiaiitities  of  the  o.\ygen  and  the  hydrogen  in  the  powder  used,  which 
are  uu;iecouiite<l  for  in  the  products  found,  on  the  assumption  that 
viiviiililo  pi-oporlioua  of  the  total  hyposulphite  found  actually  existad 
ill  tlif  resiiiui's  its  iiiilpkiih,  are  properly  accounted  tor  by  assuming 
tliat  tiio  nursing  i|uautities  of  these  elements  actually  existed  among 
the  piMiiucis  as  water,  the  amount  of  which  it  was  obviously  im- 
possililc  lo  determine. 

Ill  couilu.sion,  we  have  to  state  that  we  considered  it  right,  in  con- 
sequence of  the  error  discovered  in  the  method  adopted  tor  tie 
examination  Tor  hyposulphite,  to  repeat  the  experiments  described  in 
our  firiit  memoir  as  having  been  made  by  us,  with  the  view  of 
a.scei'tainiug  whether  hyposulphite  could  exist  at  temperatures 
approarhini:  those  to  which  the  solid  products  of  explosion  wotO 
iu-tually  sulijectcd  in  the  explosion  vessels  iu  our  experiments. 

To  lest  Ibis  point  we  submitted,  for  between  ten  minatfis  aad  ft 
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quarter  of  au  liour,  to  the 
reg;enerative  furnace,  two  I 

residue,  the  othci-  with  pob 
the  exposure,  and  while  the  ci 
plunged  into  water,  deprivi 
once  sealed.     The  powder  r     Im 
cent,  of  hyposulphite,  while 
of  a  mixture  of  sulphate  i 
cent,  of  hyposulphite. 

It  is  probable  that,  if  i 

the  hyposulphite  would  ve  i 
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mixed  with  other  sa  ne 

even  at  very  high  tem  a 
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The  ambor,  afrer  alluding  to 
Siemens  of  the  dynamo-electric  or  i 
currents,  makes  reference  to  the  two 
the  one  by  Sir  Charles  Wheat«tone 


y  conception  by  Dr.  Werner" 

■tive  principle  of  generating- 

e  s  on  the  subject  presented, 

other  by  himaeif,  to  the' 


Itijyul  Soeicty  in  February,  186?.  The  mnchiiie  then  deaignad  by 
sliown  iji  operation  on  that  cjcitsion,  ia  again  brought 
ill)  a  viuw  of  indicating  the  progie^s  that  has  since  taken 
II'  i.*OLi»t  ruction  of  dyuamo-electriciil  machines,  particnlariy 
Irauiiiii-  and  Siemena-von  Altoneck.  The  paper  next  points- 
I  ilnnvliatks  to  the  use  of  these  raachinea,  both  of  them 
irt  tn  tlio  disadvantage  that  an  iniTcaso  of  external  resiab' 
s  :i  t';illiii«'  off  of  the  current;  ami  that,  on  the  other  hand, 
iri-iiliiii;;  of  the  outer  resistanci',  through  contact  between 
1  ilfi-iroile.s  of  an  electric  lamp,  very  much  incrcftBes  the 
lit.'jiirnt  of  the  machine,  and  the  power  necessary  to  main- 
jtiim,  [jiviiig  rise  to  rapid  heating  and  destructive  sparks  in 

.i-viitii.n  in  Sir  Charles  Wheatstone's  paper  ia  referred  to, 
i]  the  fitet  that  a  powerful  current  ia  set  up  in  the  shnnt 
a  ilyriiiniu-elcctric  machine,  which  circumstance  has  sisce 
1  iulviintiigi-  of  to  some  extent  by  Mr.  Ladd  and  Ur.  Bmah, 
ctmg  current  generators, 
jcipal  object  of  the  paper  is  to  establitih  the  i  ions  under 
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which  dynamo-electrio  machines  worked  on  .the  shunt  principle  can  be 
made  to  give  maximum  results.  A  series  of  tables  and  diagrams  are 
given,  the  results  of  experiments  conducted  by  Mr.  Lauckert,  eleo- 
trician,  employed  at  the  author's  works,  which  lead  up  to  the  conclusion 
that,  in  constructing  such  machines  on  the  shunt  principle,  the  resist- 
ance on  the  rotating  helix  has  to  be  considerably  reduced  by  increas- 
ing the  thickness  of  the  wire  employed,  and  that  on  the  magnets  has  to 
be  increased  more  than  tenfold,  not  by  the  employment  of  thin  wire, 
but  by  augmenting  the  length  and  weight  of  coil  wire  employed. 

The  results  of  this  mode  of  distributing  the  resistances  is  sum- 
marised as  follows : — 

1.  That  the  electro-motive  force,  instead  of  diminishing  with  in- 
creased resistance,  increases  at  first  rapidly,  and  then  more  slowly 
towards  an  asymptote. 

2.  That  the  current  in  the  outer  circuit  is  actually  greater  for  a 
unit  and  a  half  resistance  than  for  one  unit. 

3.  With  an  external  resistance  of  one  unit,  which  is  about  equiva- 
lent to  an  electric  arc,  when  thirty  or  forty  webers  are  passing  through 
it,  2*44  horse-power  is  expended,  of  which  1  '29  horse-power  is  usefully 
employed,  proving  an  efficiency  of  53  per  cent.,  as  compared  with  45 
per  cent,  in  the  case  of  the  ordinary  dynamo-machine. 

4.  That  the  maximum  energy  which  can  be  demanded  from  the 
engine  is  2*6  horse-power,  so  that  but  a  small  margin  of  power  is 
needed  to  suffice  for  the  greatest  possible  requirement. 

5.  That  the  maximum  energy  which  can  be  injurioasly  transferred 
into  heat  in  the  machine  itself  is  1*3  horse-power,  so  that  there  is  no 
fear  here  of  destroying  the  insulation  of  the  helix  by  excessive  heating. 

6.  That  the  maximum  current  is  approximately  that  which  would 
be  habitually  used,  and  which  the  commutator  and  collecting  bmshet 
are  quite  capable  of  transmitting. 

Hence  the  author  concludes  that  the  new  machine  will  give  a  steadier 
light  than  the  old  one  with  greater  average  economy  of  power,  that  it 
will  be  less  liable  to  derangement,  and  may  be  driven  without  variation 
of  speed  by  a  smaller  engine  ;  also  that  the  new  machine  is  free  from 
all  objection  when  used  for  the  purpose  of  electro-deposition. 

This  construction  of  machine  enables  the  author  to  effect  an  im- 
portant simplification  of  the  regulator  to  work  elc'jtric  lamps,  enabling 
him  to  dispense  with  all  wheel  and  clockwork  in  the  arrangement. 
The  two  carbons  being  pushed  onward  by  gravity  or  spring  power 
are  checked  laterally  by  a  pointed  metallic  abutment  situated  at  such 
a  distance  from  the  arc  itself,  that  the  heat  i^  only  just  sufficient  to 
cause  the  gradoal  wasting  away  of  the  carbon  in  contact  with  atmo- 
spheric air.  The  carbon  holders  are  connected  to  the  iron  core  of  a 
solenoid  coil,  of  a  resistance  equal  to  about  50  times  that  of  the  arc, 
the  ends  of  which  coil  are  connected  to  the  two  electrodes  respectively. 


210  ] 

The  weight  of  the  core  I 
of  current  that   has   to 
keep  the  weight  in  i 
the  rcaifitance  of  the  i  Tt 

regulated   automati      ly,   bo 
Bignifying  a  unifomi  develo 


>  thefi 

in  order  to 

I  dent  npon 

lat  the  length  of  the  arc  is 

jais    a  tiniform  resistaaca 


,  "  On  tlie  Influence  of  I 
on  certain  Physical  Prin 
SiEJiExs,  D.C.L,,  LL.D., 


Li  bt  upon  Vegetation,  and 
olved."    By  C.  William 
K.S.     Kecoived  March  1,  1880. 


Althongli  nccording  to  Ste.  Claire  I  ille  the  diasociation  of  COj 
and  H,>0  at  atmospheric  preasore  comi  ices  at  a  temperature  not 
exceeding  1,'2U0"  C,  the  reverse  action,  Jely,  combnation,  coutinofiB 
to  be  BufHcicntly  active  to  increase  the  h  of  a  flam  u  t'l  a  tempertu 
turo  of  jii'obably  2,200°  C.  is  reached,  of  wh  h  th  D  illo  oxygen 
blast  and  tlie  regenerative  gas-furnace  fi      ish    xampl 

In  the  working  out  of  a  process,  by  n  is  f  wh  h  t  I  and  fused. 
iron  are  produced  in  large  masses  on  the  ope  h  rth  f  tb  regenera- 
tive gas-fUniace,  I  have  had  freqnent  opport  t  f  b  ving  the 
utmost  limit  of  temperature  practically  i  ttamablo  by  means  of  the 
combustion  of  carbonaceous  substances.  The  heat  of  that  furnace  ia 
not  dcpciiiicut  upon  a  blast  or  upon  chimney  draught,  and  the  prefl- 
fiurc  within  the  I'ntnace  balances  the  external  atmospheric  pressure  so 
completely  tliat  tlio  large  ■working  doors  may  be  opened  occasionally 
for  insj>cctiiig  the  metal.  On  these  occasions  it  may  frequently  ba 
observed  that  serrated  clonds  of  highly  iieatcd  combustible  gaseft 
pass  thiuiigh  the  furuaeo  chamber  (as  maj  be  seen  through  obscured 
or  coloured  glasses)  without  suffering  ajipareutly  any  diminntiOTi 
through  ciintiM't  with  an  excess  of  heated  oxygen,  showing  that  tha 
limit  of  fiini:iee  litiit,  ur  the  point  of  complete  dissociation,  has  beMt  , 
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■(lUL'ht  face  to  face  with  tlio  utmost  limit  of  heat 
riibustion,  it  is  surprising  how  plight  is  the  incon- 
diseiicc  of  heated  matter  flying  about)  experienced 
lie  open  furnace,  and  how  much  higher  must  be  the 
he  sun  or  of  the  electric  arc  when  the  effects  of 
snflii-e  to  break  up  compounds  such  as  nitrate  of 
eiiniis.  Some  years  ago  I  undertook  certain  eiperi- 
liaving  for  their  object  to  study  the  efli  of  radiant) 
;  oJ'ilinary  products  of  combustion,  COj  and  B^O, 
in  an  extremely  rarefied  couditon  to  st  ndelecttio 
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radiation,  which  inqairies  were  not  however  carried  far  enough  to 
fnmiflh  absolute  results.  Thej  served  me,  however,  for  a  steppinj^ 
stone  to  the  subject  of  my  present  communication. 

The  vast  development  of  vegetation  proves  that  dissociation  is 
accomplished  freely  within  the  leaf-cells  of  plants,  in  which  both  water 
and  carbonic  acid  are  broken  up  in  order  that  chlorophyl,  starch,  and 
cellulose  may  be  formed.  It  is  well  known  that  this  reaction  depends- 
upon  solar  radiation ;  but  the  question  may  fairly  be  asked  whether  it 
is  confined  to  that  agency,  or  whether  other  sources  of  light  and  heat^ 
which  in  common  with  the  sun  exceed  the  temperature  of  dissociation, 
may  not  be  called  into  requisition,  in  order  to  continue  the  action  of 
growth,  when  that  great  luminary  has  set  or  is  hidden  behind  clouds  ? 

About  two  years  ago  I  mentioned  to  Sir  Joseph  Hooker,  then  Pre- 
sident of  the  Royal  Society,  that  I  thought  the  electric  arc  might  be 
found  sufficiently  powerful  to  promote  vegetation,  and  that  I  should 
be  willing  to  undertake  some  experiments  on  the  subject,  if  he 
could  give  me  any  hope  of  confirmative  results.  Sir  •  Joseph 
Hooker  gave  me  sufficient  encouragement  to  induce  me  to  follow  up> 
the  subject,  and  I  have  since  that  time  gradually  matured  a  plan  for 
conducting  the  experiment.  Operations  were  commenced  only  at  the 
beginning  of  the  year,  and  although  the  results  are  necessarily  in*^ 
complete,  they  are  nevertheless  sufficiently  positive  and  remarkable  to- 
make  them  perhaps  acceptable  to  the  Royal  Society  as  a  preliminary 
communication  on  the  subject.  I  was  indaced  to  look  for  interesting 
results  in  these  experiments  on  account  of  the  great  abundance  of 
blue  and  actinic  rays  in  the  electric  arc,  upon  which  its  value  in 
photogp:tiphy  depends.  In  experimenting  with  powerful  electric  lamps 
for  illuminating  purposes,  I  have  been  struck  moreover  by  the  action 
produced  upon  the  skin,  which  is  blistered,  without  the  sensation  of 
excessive  heat  at  the  time,  an  effect  analogous  to  that  produced  by 
solar  rays  in  a  clear  atmosphere. 

Effect  of  Badiant  Energy  on  Plants. 

The  apparatus  which  has  been  put  up  at  Sherwood  consists — 1.  Of  a 
vertical  Siemens  dynamo- machine,  weighing  50  kilos.,  with  a  wire  re> 
sistance  of  0*717  unit  on  the  electro- magnets.  This  machine  makes 
1,000  revolutions  a  minute,  it  takes  2  horse-power  to  drive  it,  and 
develops  a  current  of  25  to  27  webers  of  an  intensity  of  70  volts. 
2.  A  regulator  or  lamp,  constructed  for  continuous  currents,  with  twa 
carbon  electrodes  of  12  millims.  and  10  millims.  diameter  respectively. 
The  light  produced  is  equal  to  1,400  candles  measured  photometrically. 
8.  A  motor,  which  at  present  is  a  3  horse-power  Otto  g^-cngine, 
but  which  it  is  intended  to  supersede  by  a  turbine  to  be  worked  by  a 
natural  supply  of  water,  at  a  distance  of  about  half  a  mile  from  ihe- 
honse. 
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Jfy  object  in  1 
electi'ic  light 
For  (his   purpose  I  pli 
reflector,  in  the  open  air,  ab< 
melon    houae.     A  considerable 
and  planted  with  quick-growii 
carrots,  swedes,  beans,  cacamb       i 
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ek'ctric  liirht,  without  moving 
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4.  One  was  exposed  BncceBsively  to 
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i  upon  the  growth  of  plaata. 
■  in  a  lamp  with  a  metalUo 
B  above  the  flaas  of  »  sonic 
MP    >f  pots  were  provided,  sown 
dd  plants,  eucb  aa  ninst«rd, 
1       linns.    The  plants  contd  then 
le  inflaenco  of  daylight  aod 
b     :  falling  upon  them  approxi- 
irere  divided  into  four  groups. 
rely  in  the  dark. 
)£  the  electric  b'ght  only. 
1  of  3ay]igbt  only. 

1  dny  and  electric  light, 
lipht  was  sapplied  for  six  hours,  from  5  to  11  OKcitl- 
e  plants  being  left  in  darl    .es.s  during  the  remainder  qS 


In  all  cases  the  differences  of  effect  were  nnraistnkable.  The  pbuta 
kept  in  llio  dark  were  pale  yellow,  thin  in  the  stalk,  and  soon  died. 
Those  exposed  to  electric  light  only  shovsed  a  light-green  leaf,  and 
had  snffifient  vigour  to  survive.  Those  ei:po3ed  to  daylight  only  vtn 
of  a  darker  green  and  greater  vigour.  Those  exposed  to  both  soimH 
of  light  showed  a  decided  superiority  in  vigour  over  al!  the  othrai^ 
and  the  green  of  the  leaf  was  of  a  dark  rich  hue. 

It  must  bo  remembered  that,  in  this  contest  of  electric  a^inst 
Kiil.ar  liuht.  thi-  time  of  exposure  was  in  favour  of  the  latter  in  Urn 
proportii'u  uf  nearly  2  to  1,  bnt  all  allowance  made,  daylight  appearsil 
In  lie  nlvint  twiee  ns  effective  as  electric  light.  It  was  evident,  how- 
ever, tli;it  the  electric  light  was  not  well  jilaced  for  giving  out  its 
power  ndviintnireously.  The  nights  being  eokl,  and  the  plants  nndar 
i'x|uiimont  for  llii;  most  part  of  a  character  to  require  a  hot  moili 
atmo-)ih('r(',  the  L'lass  was  covered  very  thickly  with  moisture,  whiob 
L'ri'iiily  ob'.lrucled  the  action  of  the  light,  hesiiles  which,  the  electric 
ItL'lit  had  to  pass  through  the  glass  of  its  own  lamp*  Notwithstanding 
these'  df:iwl>iieks,  electric  light  was  clearly  sufficiently  powerful  tO 
f'lrin  eliU'rii|iliyl  and  its  derivatives  in  the  plants.  It  was  interesting 
til  obscvve  that  the  inustard-seed  stem,  when  placed  obliquely,  turned 
eonipletely  towards  the  light  in  the  conrse  of  two  or  three  hours,  and 
that  eueumlHT  and  melon  plants  were  affectei!  in  the  same  way,  though 
at  a  slower  rate.      The  encumber  and  melon   plants  which  have  been 


howti.  in  1853.  that  the  eli'i 

rir  arc  is  pBrti 

dnrlj  fl6h  tn 

.■  raid,  bT.t  tliit  on  pMSm 

llic  njf 

■all  glM^  tU 

nro  found  lo  have  boen  aba 

rbcd. 

1880.]  Influence  of  Electric  Light  upon  Vegetation.  213 

exposed  to  both  day  and  electric  light  have  made  great  progress,  and 
my  gardener,  Mr.  D.  Buchanan,  says  that  he  could  not  have  brought 
on  the  latter,  without  the  aid  of  electric  light,  during  the  early  winter. 
Some  of  these  commenced  to  blossom  on  the  14th  of  February. 

These  preliminary  trials  go  to  prove  that  electric  light  can  be 
utilized  in  aid  of  solar  light  by  placing  it  over  greenhouses,  but  the 
loss  of  effect  in  such  cases  must  be  considerable.  I,  therefore,  directed 
my  observations,  in  the  next  place,  to  the  efTect  of  electric  light  upon 
plants,  when  both  were  placed  in  the  same  apartment.  A  section  of  the 
melon  house,  ah^ady  referred  to  (7'  3"  x  3'  3",  221  m.  x  019  m.),  was 
completely  darkened  by  being  covered  in  with  thick  matting,  and  was 
whitewashed  inside.  The  electric  light  was  placed  over  the  entrance 
door,  and  shelves  were  put  down,  in  a  horse-shoe  form,  to  receive  the 
pots  containing  the  plants  to  be  exposed  to  the  action  of  electric 
light,  the  plants  being  placed  at  distances  from  the  lamp  varying  from 
0*5  metre  to  2  metres.  Upon  the  first  occasion  of  trying  the  naked 
electric  light  in  this  manner,  some  of  the  plants,  and  especially  some 
melon  and  cucumber  plants,  from  20  centims.  to  40  centims.  in  height, 
which  were  within  a  metre  distance  from  the  lamp,  commenced  to 
suffer ;  those  leaves  which  were  directly  opposite  the  light  turning  up 
at  the  edges  and  presenting  a  scorched  appearance.  On  subsequent 
nights,  therefore,  the  stands  were  so  arranged  that  the  distance  of  the 
plants  from  the  light  varied  from  1*5  metres  to  2*3  metres.  The 
plants  under  experiment  were  divided  into  three  groups ;  one  group 
was  exposed  to  daylight  alone,  a  second  similar  group  was  exposed 
to  electric  light  during  eleven  hours  of  the  night,  and  were  kept  in 
the  dark  chamber  during  the  day  time,  and  the  third  similar  group 
was  exposed  to  eleven  hoars'  day  and  eleven  hours*  electric  light. 
These  experiments  were  continued  during  four  days  and  nights  con- 
secutively, and  the  results  observed  are  of  a  very  striking  and  decisive 
character,  as  regards  the  behaviour  of  such  quick-growing  plants  as 
mustard,  carrots,  d^c.  The  experiment  was  unsatisfactory  in  this  one 
respect,  that  during  the  third  night  the  gas-engine  working  the 
dynamo-machine  came  to  a  standstill,  owing  to  a  stoppage  in  one  of 
the  gas  channels,  and  thus  more  than  half  the  electric-light  influence 
that  night  was  lost  to  the  plants.  But,  notwithstanding  this  draw- 
back, the  two  groups  of  plants  showed  unmistakably  the  beneficial 
influence  of  electric  light.  The  plants  that  had  been  exposed  to  day- 
light alone  (comprising  a  fair  proportion  of  sunlight)  presented  their 
usually  healthy  green  appearance  ;  those  exposed  to  electric  light 
alone  were,  in  most  instances,  of  a  somewhat  lighter,  but,  in  one 
instance,  of  a  somewhat  darker  hue  tlian  those  exposed  to  daylight ; 
and  all  the  plants  that  had  the  double  benefit  of  day  and  electric 
light  far  surpassed  the  others  in  diirkiipss  of  green  and  vigorous 
appearance  generally.    A  fear  had  been  expressed  that  the  melon  and 
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One  olijir'l  1  !i;k1  in  vii       n  this  exp           nt,  was  to  observe  whether 
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iiiiiiiilniiK'd  tlinmi^hottt  the  night  at  72°  F.,  proving  that  the  electrid 
h\m[i  tuniislii'il  not  only  a  supply  of  '  'e  light,  but  of  stove  heat 

;ilsi),  No  liuitful  fffecfr  was  moreover  ob  "/ed  on  the  plants  from  tie 
want  iif  venliliiijiiri.  and  it  would  ftpp  probable  that  the  supply  of 
puce  i;irljoiiie  iu.id  resulting  from  the  nplete  combustion  of  tht 
carbon  cleCM'iKles  at  high  temperature,:  i  under  the  influence  of  aa 
exoeSH  of  oxvireii,  siafficed  to  sustain  their  vital  functions.  If  bhQ 
nilrofrenous  eiiin|>ntinds  which  Professor  Dewar  has  shown  to  be  de- 
veloped in  ilie  clertric  arc  were  produced  in  large  quantities,  injarionB 
clli'els  np<iii  file  plants  must  undoubtedly  ensue,  but  it  can  be  shoim 
that  ill  a  well-c-niiditioned  electric  lamp,  with  a  free  circulation  of  air 
iH>und  the  earliim  electrodes,  the  amount  of  these  products  is  ojt- 
ceeiliiiu'K'  Ktiiiill.  and  of  a  different  nature  than  is  prodoced  in  a  COD- 
litied  spiiee.  'J'Uev  could  not  indeed  be  perceived  by  their  smell  in 
ihr   >(iivi',  ivlieii   :ill   ventilators  were  closed,  and   no  injurious  o&bota 

li tlicKi  liiivi-  liitlierto  been  observed  in  the  plants. 

'i'liL --I'  i-xjirrlrnents  are  not  Only  instructive  in  pi*ovii);;r  the  sufficiency 
iif  iltclrli'  IIltIiI  aliiuc  to  promote  vegetation,  but  they  also  go  to  prova 
ilie  inipii(l:(nt  I  act  that  diurnal  repose  is  not  necessary  for  the  life  oC 
pliinu,  allliii;iL'li  tlieihiratioii  of  the  experirafiits  is  too  limited  perhaps 
In   fiiinlsli    iliat    proof   in   an  absolute  manner.      It  may.  however,  be 

lU'L' I    iV.iiiL   inialiiirj',  that  such  repose  is   not  necessary,  seeing  that 

(■ri>|i-.  ;:i-i>w  and  ripen  in  a  wonderfully  short  apace  of  time  in  ths 
iiiiT-iliivn  ii-u'i'ies  ipf  Sivcden  and  Norway,  and  Finland,  where  the 
-iininiei-  il'"s  not  e.\ceed  two  months,  dnr ins;  which  period  the  etm 

The  w\t  ste]i  in  the  course  of  these  experiments  was  to  remove  the 
I'li'i'h'ii'  laiii;i  iii1>>  :<  palm  house,  constructed  of  f  '  |  '         which  waa 

•JS    n.    ;!    iii.    I'.uL',    14  ft.    0   in.  wide,  and    ave  i4  ft. 

(SC-J  11].  X    1 1-l-i  111.  X  4-42)  in  height.     In  Ihc  '  of  this 
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a  banana  p%1in,  and  a  few  other  small  palm  trees  are  planted,  the  sides 
of  the  house  all  round  being  occupied  with  a  considerable  variety  of 
flowering  plants.  The  electric  light  was  fixed  as^high  as  practicable 
at  the  south  corner  of  the  house,  in  order  that  its  rays  might  fall  upon 
the  plants  from  a  direction  and  at  an  angle  coincident  with  those  of 
the  sun  during  the  middle  of  the  day.  A  metal  reflector  was 
placed  behind  the  lamp  in  order  to  utilize  the  electric  rays  as 
much  as  possible.  Along  the  eastern  side  of  the  house  are  some 
young  vines,  having  their  roots  in  a  bed  outside.  Three  pots  of 
nectarine  plants,  just  beginning  to  bud,  were  placed  on  the  floor  at 
various  distances  from  the  electric  light,  and  also  some  rose  plants, 
geraniums,  orchids,  &q.  The  temperature  of  the  house  was  maintained 
at  65  F.,  and  the  electric  lamp  was  kept  alight  from  5  p.m.  to  6  a.m., 
for  one  week,  from  February  18th  to  February  24th,  excepting 
Sunday  night.  The  time  was  hardly  sufficient  to  produce  very  strik- 
ing effects,  but  all  the  plants  continued  to  present  a  healthy  ap- 
pearance. Of  three  Alicante  vines,  the  one  nearest  the  electric  light 
made  most  progress,  and  the  same  could  be  said  of  the  nectarines  and 
roses.  It  was  observed  that  other  plants,  such  as  geraniums,  con- 
tinued to  exhibit  a  vigorous  appearance,  notwithstanding  the  heat  bf 
the  place.  The  electric  light  appeared  to  impart  the  vitality  neces- 
sary to  prevent  a  collapse  of  the  organism  through  excessive  tempera- 
ture. This  experiment  is  of  importance  in  showing  that  the  electric 
light  if  put  into  conservatories  or  greenhouses  does  not  injure  the 
plants,  but  rather  improves  their  appearance  and  growth.  The  leaves 
assume  a  darker  and  more  vigorous  appearance,  and  it  seems  that 
the  colouring  of  the  flowers  becomes  more  vivid,  but  a  further  period 
of  time  is  necessary  to  establish  this  observation  absolutely.  The 
effects  producible  by  electric  light  in  conservatories  is  very  striking, 
owing  to  the  clear  definition  of  form  and  colour  produced,  far  exceeding 
that  of  ordinary  daylight. 

No  further  results  of  any  particular  interest  could  be  expected  from 
a  continuance  of  this  experiment,  and  I  decided  to  try  the  effect  of 
electric  light  as  a  means  of  promoting  growth  in  the  open  air  and 
under  glass  at  the  same  time.  The  regulator  was  put  back  into  its 
first  position,  2  metres  above  the  ground,  with  a  sunken  melon  house 
on  one  side,  and  a  sunken  house  containing  roses,  lilies,  strawberries, 
and  a  variety  of  other  plants  on  the  other.  The  space  of  ground 
between  these,  about  1  metre  broad,  and  7  metres  long,  was  covered 
with  boxes  sown  with  early  vegetables,  including  mustard,  peas,  beans, 
and  potatoes,  and  in  order  to  prevent  cold  winds  from  injuring  the 
plants,  low  protecting  walls  were  put  up  across  the  openings  of  the 
passage  between  the  two  houses.  The  effect  of  electric  light  could 
thus  be  observed  at  the  same  time,  upon  the  melon  and  cucumber 
plants  in  the  one  house,  upon  the  roses,   strawberries,   ^.,   at  ao 
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.iiid  ui'iu  ispciiill^  the  aromatic  CO  'nt-i  would  be  produced,    fifcl 

ihis  KiiiiitM  s  III  light  IS  t«o  often  found  iiisuSnictt  to  tipen  tho  i 
hull  III  Lviu  lilt  »  lod  ot  fruit  trees  during  tbt  slioit  sunimor  montfuM 
and  1  lielirvi-  I  hat  I'loctric  light  wUl  be  found  a  most  useful  auxilifti 
hi  .solur  lii;lil  lo  tUVct  the  production  of  ripe  and  aromatic  fruit  b 
uiidiT  glass  iiiiil  ill  the  opcu  air. 

i:.i;„mhil  Cost  of  Eledro-Soi-licvliure. 

A  ^^ry  iiji]ji>iiiiiit  question  ia  that  of  the  cost  of  electro- hortim 
This  will  <U  |iiiid  HI  a  great  mcasuie  upon  the  cost  of  the  fuel  a 
souri-f  111  ciii'i'iri,  atid  upon  the  seale  of  flpplitMition.  To  work  only 
line  ckrhic'  lani|i  by  menus  of  a  small  ateam  or  gas  engine  ia  expensive 
iiiilli  ill  till  I  ^iiiil  in  i-ost  of  attendance.  If  stcaui-power  has  to  be  re. 
soHiii  ill,  nn  I  nijiiie  of  sufficient  size  should  be  employed  to  give 
eriiin'Jiiii'a!  ii-iili-  |iir  iiorse-power  of  energy  produced,  and  tho  electric 
;ii'i-  sliciulil  111-  111  sulijuient  brilliancy  to  given  good  effect  for  tho  powar 
e^jK'iiih'tl.  Kxjii'rii'tiee  in  electric  illumination  has  established  a  fona  ( 
and  .--izi- ol  iiiai-'ltiiK-.  both  coiiveiiieat  and  suitable  for  the  attainnwafefl 
111'  I'c  (in'itnic;il  ic.-.Qlt.-;,  viz.,  the  medium  dynamo-el octric  maollimtJ^ 
wliicli.  il  a|>jilied  lo  a  suilable  regulator,  produeos  fully  6,000  Oi 
pmv.r  ol  ililhised  light  witb  an  eipinditure  of  4  horse      (  ir. 

'i'ln' i\|iiiiiniiit.s  before  given  show  that  tho  m  (tive  1 
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at  which  td  place  the  n&ked  electric  light  of  1,400  candlerpoirer  is 
ftboDt  2  metres.  B;  pronding  a  metallic  reflector,  and  thus  throwing 
the  major  portion  of  the  upward  raya  down  npon  the  snrface  to  be 
illaminated  that  height  may  be  taken  at  3  metres.  If  the  electric  arc 
employed  was  equal  to  6,000  candles,  the  hoipht  would  be  --_-!^--x3 

=6'2  metres,  at  which  each  an  electric  light  should  be  fixed  under  the 
protrctioD  of  a  tin  plate  or  other  reflector.  In  operating  npon  an  ex- 
tended surface  seToral  lamps  should  be  placed  at  such  distances  apart, 
as  to  make  the  effect  over  it  tolerably  uniform.  The  effect  of  radiation 
would  be  equally  distributed  over  the  ground  if  the  radiating  ceatres 
were  placed  at  distances  apart  equal  to  doable  their  height  above  the 
ground ;  for  under  those  circumstances  a  square  foot  of  surface  mid- 
way between  them  would  receive  from  each  centre  one-half  the  nnmber 
of  rays  falling  upon  such  a  surface  immediately  below  a  centre.  A 
plant  at  the  intermediate  point  would,  however,  have  the  advantage 
of  presenting  a  lar^r  leaf  surface  to  the  two  sources  of  light ;  and  in 
order  to  compensate  for  this  advantage,  the  light  centres  may  be 
placed  considerably  further  apart,  say  at  distances  eqaal  to  three  times 
their  elevation,  or  18  metres.  Nine  lights  so  placed  would  cover  an  area 
54  metres  sqnarc,  or  just  abont  j  acre.  If  this  space  was  enclosed 
with  a  high  fruit  wall  (as  shown  with  the  lamp  centrei*  marked  in  the 
acoimpaiiying  sketch),  this  will  also  get  the  full  benefit  of  electric 


radiation,  and  would  serve  at  the  same  time  to  protect  the  plants  from 
winds.  Protection  against  injury  from  this  latter  cause  might  be 
farther  carried  ont  with  advantage  by  following  plan  adopted  (with 
excellent  results  I  believe)  by  Sir  William  Armstrong,  that  of^ub> 
dividing  the  area  under  forced  cultivation  by  vertical  partitions  of 

The  engine-power  necessary  to  maintain  this  radiant  action  would 
be  9x4=36  h.irse-powcr,  involving  the  consumption  of  Mxi}^  = 
90  lbs.  of  fuel  por  hoar,  or  say,  for  a  night  of  H  haunt  (with  an 
allowance  of  40  lbs.  for  getting  up  stonm)  10  cwt.,  which,  at  sixteen 
shillings  per  ton,  would  cost  eight  shillingfi.  This  expenditure  would 
not  include,  however,  the  cost  of  carboiis  and  of  an  attendant,  which 
would  probably  amoant  to  another  eight  shillings,  making  a  total  of 


iis 


li'iliienee  of 


„u  sl,illinB<.     If,   1      ,.. 

riptioiis  of  work  di  i 

iidanco   for  the    night-w 
iv(Iu(-(kI.     Ill  the  calculation  ji       ^< 
niont  cjf  fm'l   for  the  production 
quc'Hlioii  will  nssumo  a  totally  difie 
|M>Wfi',  siifli  ns  waterfalls,  can        i 
distance  of  Imlt-a-mile.    The  ex        1 
be  filmost  entirely  saved,  1       of 


,  I  team -power' 

only  MniiiderKtiIf 

I  have  assamed  the  emplo]^" 
chanical  onergy,  whereaa  the 
i  aspect  if  nAtoral  aonroes  of 
ailiible  within  the  reasoiuibLe- 
e  fov  euer(rj-  ivill,  in  that  csse^ 
idance  be  ffreatly  diminished, 
niid  uiiiler  sui-h  circiin  it  sei         probalilo  ihat  ulectro-liorti- 

culture  niiiy  be  carried  out  witb  kble  advantage. 

The  rxperimciitH  furnish  proof  t  .t  the  majiagement  of  the  eleo- 
trica!  ii|)|iiini(us  presents  no  3i        difficulty,  as  the  gas-engine^ 

djnamii-iuachinc,  iind  regulator  ve  been  under  the  sole  managemeat 
of  my  ht'jid  gardener,  Mr.  D.   1  n,  and  his  son  aD  aeHistant- 

jjardener.  The  regulator  requires  no  i  itention  beyond  the  replace- 
nicnt  of  liirbrnis  every  four  or  five  1  irs,  whieh  period  may  essih 
be  incriiiMii  m  twelve  hours,  by  a  t  nodification  of  the  l&mp. 

Cimclusicms. 
Tin-  ( x]ii  riiiiciil.s  Ncem  to  lead  to  the  followijig  conclusions: — 

1.  Tliiit  electric  light  is  efficacious  in  producing  chlorophyl,  in  ibi 
leaves  of  plants,  and  in  promoting  growth. 

2.  Thiit  iin  ciccti-ic  centre  of  light,  equal  to  1,4U0  candles,  placed  kl 
!i  distance  of  '1  metres  from  growing  plante,  ap}>cfti-ciJ  to  be  equal  in 
effect  to  a\-ciiiKe  diiylight  at  tl  season  of  the  year,  bnt  that  aon 
economical  effccis  can  be  atti  by  more  powerful  hght  centres. 

:>.  That  (lie  carlxinic  acid  and  n  i  yas,  comimundB  generated  ia> 

(HniLuiuivc  ijiinntities  in  the  elei      c  i    c,  produce  no  sensible 
terii)u-i  itlic'ts  ii]i(in  plants  end       i  in  the  same  space. 

4.  That  j.liintft  do  not  appear  to  require  a  period  of  rest  during 
Im  Liii-tiiiir   hours  of  tlie  day,  but  niake  inereased  and   vigorooB  pro- 
Ui'csr.  it  .Mibjciicd  daring  daytime  to  sunlight  and  during  the  night  to 


.-.,  Th; 
made  avi 
pi-oiaotc 

<;.   Th: 

able  t,.  H 

7.   Tii; 

the   cost 


ladiatign  of  heat  from  powerfal  electric  arcs  can  be 

til  ciiuuteract  the  effect  of  night  frost,  and  is  likely  to    , 
IliiiL;  and  ripening  of  fruit  in  the  open  air, 
ilc    utulcr   the    induencc   of    electric    light,   plants    i 
L'd  stovo  heat  without  collapsing,a  circumstance  favour*  J 

by  electric  light. 

cvpeaso  of  eleetro-liorticnlture  depends  mainly  n 
■ehanical  energy,  and  is  very  tnodorato  where  natot^a 
I  energy,  auch  as  waterfalls,  can  be  made  a'  lilable. 
'^  tile  above  my  attention  has  been  drawn  i  on  article  1 
L^Vlh  January,  1880,  giving  interesting  i       rvations  l^J 
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Dr.  Schubeler,  of  Christiania,  on  '*  The  Effect  of  Uninterrapted  Sun- 
light on  Plants  in  the  Arctic  Regions.**  These  observations  fully 
confirm  the  conclusion  indicated  bj  my  experiments  with  electric 
light.  Not  only  are  plants  able  to  grow  continuously,  according  to 
Dr.  Schiibeler,  but  when  under  the  influence  of  continuous  light  they 
develop  more  brilliant  flowers  and  larger  and  more  aromatic  fruit  than 
under  the  alternating  influence  of  light  and  darkness,  whereas  the 
formation  of  sugar  appears  to  be  dependent  chiefly  upon  temperature. 
It  would  follow  from  these  observations,  that  with  the  aid  of  stoves 
and  electric  light,  fruit,  excelling  both  in  sweetness  and  aroma,  and 
flowers  of  great  brightness,  may  be  grown  without  solar  aid.  Dr. 
Schiibeler  mentions  that  in  removing  an  Acacia  plant  from  the  dark, 
and  placing  it  under  the  influence  of  the  arctic  midnight  sun,  the 
leaves  opened  slowly,  and  it  is  interesting  to  observe  that  the  same 
effect  took  place  when  an  Aca4^  lophantha  was  placed  (in  the  open 
air)  under  the  influence  of  my  midnight  lamp. 


March  II,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  Tut  Croonian  Lextture. — '*  On  some  Elementary  Principles 
in  Animal  Mechanics.  No.  IX.  The  Relation  between 
the  Maximum  Work  done,  the  Time  of  Lifting,  and  the 
Weights  Lifted  by  the  Arms."  By  the  Rev.  Samuel 
Hauqhton,  M.D.  (Dubl.),  D.C.L.  (Oxon.),  F.R.S.,  Fellow  of 
Trinity  College,  Dublin.    Received  February  28,  1880. 

In  the  preceding  note  (No.  YIII)  I  have  shown  that,  in  lifting 
weights  at  a  fixed  rate  with  the  arms,  until  fatigne  sets  in,  the  follow- 
ing equation,  deduced  from  the  law  of  fatigue,  is  complied  with,  very 
closely: — 

!^(1±^=A (1) 
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The  olijcct  of  thi;  series  of  ex|  tried  on  daring  six  months 

of  Ihi!  winifv  of  l»7G-7.  and  (  ibed  in  the  present  note,  was  to 
tiud  in  wliiil  TiianiUT  the  co-  cients  t,  or  fi,  viiry  with  the  weight 
eiin>Ioj-!;ii  iiiiil  liltud.  The  experiments  were  condocted  in  every 
rfspict,  iis  llMisr  di'scribod  in  Note  VII,  the  coiiditiona  of  which  I  here 

"  Tlie  fulliiu'iuir  L'xperiments  were  made  during  the  last  six  months 

upon  Ur.  M:..iilist«'r:~ 

'■  A  |i:iir  111'  diiiiibbi-'UM,  held  one  in  each  hand,  were  raised  simul- 
taui-oiisly,  tVoiii  ilic  vertical  to  the  horii,ontal  position,  and  again 
liiwcLvd,  ill  -.1  i".iU;  rcfjalated  by  a  metriinome  made  for  the  pnrpose. 
Nfi  ivs^l  wus  iillowad  at  the  beginning  or  end  of  the  motion,  which 
took  |il,iiv  iis  lirfori',  under  the  following  conditious,  viz. : — 

"  i,  'I'll  ki'(']i  liiiu;  with  the  metronome. 

'■  :;.  'I'll  iMiM'  the  wuights  in  the  transverse  plane. 

■■  :i.  TiiM^iiiiiiiteUie  hands. 

"  k  To  alKliktii  friim  all  bending  of  the  knees  or  spinal  column. 

■■  ■"•,  'I'lii'  i.v|>L'ilTnontor  not  to  count  the  lifts. 

■'  'I'iu'  r\]iiriiiii'iits  were  made  at  intervals  nf  never  1cm  than 
'il  lnjur-..  .-.ii  ii-.  Ill  avoid  all  ii.sk  of  the  muhelca  becoming  traiood; 
and  on  t'.K  li  ixfiiiion  the  weights  were  lifted  until  it  bt^isme  impossible 
tn  I'lli'i't  :in<i[hi'i'  lilt,  without  \iolating  condition  No.  4,  indicating  that 
oiUi-r  iiiiisi'l<'s  \vi:i<'  <':illed  in  to  aid  the  shoulder  moscles  already  worn 

I  havo  finliodlLvl  ill  this  note,  t'le  experimuntH  made  upon  Dr.  Mao 
.disUr  in  l^;..-t;,  Xule  VIIl,  "  Pi-oc.  Hoy.  Soc,"  vol.  ixv,  p.  132. 
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No. 
1 
2 
3 

4 
5 
6 

7 
8 


I. 


117=1)75  lbs.    (1875-6.) 


<. 

0-50 

Bee. 

0-66 

100 

1-50 

2-00 

3  00 

4-00 

6  00 

•  f 

n, 

19  0 
24-6 
26-2 
23-6 
20-0 
14-2 
12-4 

8-6 


From  these  experiments  I  found  A=50  '7,  /3=1'00,  7=1  '00  sec. 


II. 
w=:7  75  lbs.     (October,  1876.) 


(. 

u. 

L 

n. 

t 

n. 

t. 

n. 

t. 

n. 

bCC* 

sec. 

sec. 

sec. 

sec. 

0-50 

..    22 

066  .. 

42 

075  .. 

41 

10 

..    40 

20  .. 

27 

»> 

..    25 

»» 

40 

»> 

48 

«» 

..    37 

»> 

33 

»» 

..    23 

• 

^» 

44 

»» 

50 

yy 

..    38 

ti 

31 

»» 

..    26 

«f 

42 

»» 

47 

>> 

..    40 

?> 

33 

»i 

..   26 
..    24-4 

.^ 

38 

»» 

49 

»» 

..    36 

«i 

33 

Aeau 

41-2 

470 

38-2 

31-4 

In  discnssing  these  experiments,  it  will  be  found  that  the  first 
aanst  be  rejected,  as  its  results  differ  from  all  the  others.  The  rate  of 
work  was  too  fast,  and  the  experiment  was  stopped  hy  respiratory 
distress  rather  than  by  muscular  fatigue. 

The  other  four  sets  of  experiments,  when  treated  as  in  No.  VIII, 
give  the  following  results  : — 

^A 

:i:A* 


e. 


1 
1 
1 
1 
1 
1 


25     4  '59  per  cent. 


29 
30 
31 
33 
40 


4:^3 
4  -20 
4-3(> 

4  -5:^ 

5  13 


Uenoe  we  obtain  the  constants 

A=  11375,  /9=l-30, 


T=0 77  sei\ 


[Mar.  11, 


m. 

»=5-8?  lb.. 

(December,  1870.) 

n.                 t. 

«.               (. 

. .     CO        0-66  aec 

....     69        100  .ec 

')'.>             „ 

....     71             

.55 

....     78             

61 

....     71             

..      S7 

....     70 

, .     .58'4 

71-8 

■  those  experimenta  as  before,  we  olitain  ; — 

'  s:(A)' 

1  '50     5  "74  per  cent, 

1'45     5-30       .. 

1  41     5-10       ,. 

1  '40     5-03       .. 

1  iiO     5-02        .. 

I  :!«     5-16       „ 

1  iir.     5-43       ,. 

i  30     5-92       „ 

I  ■:;:.     6-44       „ 

l->"    6-94       „ 

tniii  the  constants 

A  =  1822,        fi=l-S9b,  T=0-716  sec. 


IV.    , 
=2-62  lbs.     (January,  187T.) 
(.  «.  t. 

0-55  sec 260        066  b 

■■-.     424 


215 
225 


467 

1072 


S03 

254 
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It  will  be  observed  that,  with  light  weights,  the  experiments  vary 
much  more  than  with  heavy  weights.  The  discussion  of  these  experi- 
ments shows  a  less  satisfactory  agreement  with  equation  (1)  than  the 
other  experiments  with  heavier  weights.  The  most  probable  values 
of  the  constants  are  as  follows : — 

10  26  -5  per  cent. 

11  26  1 

1-2  25  7 

1-3  25-4 

1-4  25  0 

1-5  24-8 

1-6  24-8 

1-7  24-9 

1-8  25  0 

1-9  25  1 

2-0  25-2 

Hence  we  find 

A=1128,        /3=l-55,        T=0-645. 

Bringing  all  the  results  into  one  table,  we  have 

No.  w.  A.  /3.  T. 

1     975  lbs 507     1000    1000 

2  ....     775   „       ....      1137     ....     1-300    ....     0770 

3  ....     5-87   „       ....      182-2     ....     1395    ....     0716 

4  ....     2-62   „       ....    11280    ....     1-550     ....     0645 

From  aU  these  experiments,  it  appears  that  the  central  cubic  (I) 
derived  from  the  law  of  fatigue,  represents  fairly  the  relation  between 
n  and  t ;  and  that  n  reaches  a  maximum  for  a  time  of  lift  t,  which 
varies  with  the  weight,  increasing  with  it,  but  not  proportionally. 

The  time  of  lift  corresponding  to  the  maximum  work  done  with 
each  weight,  ranges  from  0'645  see.  to  1  sec.  Within  these  limits  (in 
order  to  interpolate)  let  us  assume  : — 

tv^a-^bT\-c'^'\-dT^ (3). 

Introducing  the  four  results  from  the  table  just  given,  we  find : — 

a=-  69-52, 
/>=  4-169 -85, 
c=-  89-65, 
d=z  -     0  -93, 

from  which  the  curve  (3)  can  be  plotted. 
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DlCOTTLBDOKES. 

Apbtaljb. 
Myrieem. 
Myrica  salicina.     Ung,  Mjrioa  Heringiana.     Ung. 


lignitum.     Ung.  „       acuminata.     Umg. 

sagoriana.    JEtt.  Comptonia  acutiloba.     Siemb,  #/>. 


Cttpulifera. 

QuercuB  Lyellii.     Seer.  Quercus  drjmeja.     Ung. 

„        pne-lonchitdB.   Eit.  and  Oard.  „        BoumensiB.     De  la  ffarpe. 

„       lonchitis.     Ung.  „        yibumifolia.    Lesq. 

„        prae-mediterranea.     Ett.   and  Fagus  intermedia.     Eti.  and  Oard. 
Oard. 

Ulmacea. 

Ulmns  antiquissima.     Sap.  Planera  Ungeri.    Eit. 

„      plurinenria.     Ung. 

Celtidea. 
Celtis  Woodwardi.    Ett.  and  Oard. 

Morea. 

Ficus  pr»-lanceolata.     Ett.  and  Oard.  Ficus  bumeli»folia.    Ett. 

laneeolata.     Heer.  „  Ncrthi.     Ett.  and  Oard, 

Morrisii.     De  la  Harpe,  „  Inguionis.     Ett.  and  Oard. 

dcleta.     Ett.  and  Oard.  „  planicostata.     LeMq. 

arenacea.    Letq.  „  ReuMii.    Ett. 

pne-arcinervifl.    Ett.  and  Oard,  „  Gisie.     Ett.  and  Oard. 

rfaamnoides.     Ett.  and  Oard.  „  Bowerbankii.     De  la  Harpe. 

Jjnx.     Ung,  „  (}ranadilla.     Maet.  sp. 

Wudge.    Ett.  and  Oard.  „  Hjdrarclios.     Ung. 
Faleeroui.     Heer, 

Artocarpea. 

Oecropia  eooenica.     Ett.  and  Oard.  Artocarpidium  integrifolium.     Um^. 

Artocarpidium  grandifolium.    Ett.  and 
Oard. 

Juglandem, 

Juglans  pne-panchlngiana.     Ett.  and    Juglans  Sharpei.     De  la  Harpt. 
Oard,  Juglandites  cemuus.     Sap. 

Euphorbiaeea. 
Adenopeltis  AlumenBis.    Ett.  and  Oard, 

Salicinea. 

Salix  Rheds.    Ett.  and  Oard.  Salix  tenuifolia.      Ett.  and  Oard. 

„    pne-integra.     Ett.  and  Oard,  Populus  eocenica.     Ett.  and  Oard. 

Santalaeem. 

Santalum  salicinum.    Ett.  Nyssa  Alumensii.     Ett.  and  Oard, 

„        acberontioum.    Ett.  „     Europaa.     Ung. 

„        ocyrinum.    Ett.  „      pnMtriolata.    Ett.  aful  Omtd, 
„        micrdpbyllum.    Ett. 


'JM 
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11.  "On  the  Tonicity  of  the  Heart  and  Arteries."  By  W.  IL 
Oaskbll,  M.D.,  Trinity  Collogo,  Cambridge.  Communi- 
cated by  Dr.  Michael  Foster,  Prelector  of  Physiology  in 
Trinity  College,  Cambridge.     Received  March  1,  1880. 

The  author  has  made  a  lengthened  series  of  observations  on  the 
heart  of  the  frog  and  tortoise,  both  on  the  entire  ventricle  and  on  the 
apex,  supplied,  by  the  help  of  Roy's*  tonometer,  with  saline  solutions 
or  with  diluted  blood  (of  rabbit,  sheep,  or  bullock). 

That  the  artificial  blood  solutions  difler  in  their  action  on  the  apex 
from  the  frog's  own  blood  in  degree  only  and  not  in  kind,  and  that 
oonsequentlj  Bemstcinf  is  wrong  in  regarding  these  fluids  as  specific 
stimuli  giving  rise  to  rhythmic  action,  is  shown  by  the  following  facts. 

1.  The  apex  of  the  frog's  heart  brought  to  quiescence  after  Bern- 
stein's method,  will  beat  spontaneously  when  the  pressure  in  its  cavity 
is  increased  by  clamping   the  aortic  arches. 

2.  If  while  the  heart  still  remains  in  its  natural  position  within  the 
body,  the  frog's  own  blood  bo  replaced  by  the  artificial  blood  solution, 
and  the  ventricle  be  then  nipped  by  fine  forceps,  the  apex  will  remain 
quiescent  for  an  indefinite  length  of  time.  As  soon,  however,  as  the 
pressure  in  the  cavity  is  increased,  the  apex  commences  to  contract, 
and  beats  as  long  as  the  heart  is  distended  by  the  increased  pressure. 

The  conclusions  to  which  the  author  has  been  led  by  his  experiments 
are  as  follows :  ^ 

1.  The  heart  possesses,  like  the  arteries,  what  may  be  called  tonicity, 
and  the  variations  in  this  tonicity  play  an  important  part  in  deter- 
mining  the  features  of  the  cardiac  beat. 

The  apex,  when  first  tied  on  to  the  cannula,  the  pressure  of  the 
blood  solution  being  kept  constant  at  10  cm.  or  less,  remains  quiescent 
for  some  time  in  the  position  of  greatest  relaxation.  As,  however,  the 
blood  solution  continues  to  pass  thronglj,  the  lever  of  the  tonometer 
rises  often  very  appreciably  even  Ix'fore  the  apex  begins  to  beat. 
This  rise,  unless  othemv'ise  explained,  would  seem  to  show  that  the 
first  effect  of  the  blood  solution  has  bi^en  to  bring  the  apex  into  a 
condition  which  is  no  longer  that  of  greatest  relaxation  for  that 
particular  pressui*e. 

Further,  in  correspondence  with  tliis  niising  of  tone  of  the  caniiac 
muscle  by  the  artificial  blood  solution,  is  the  alteration  in  thechanicttT 
of  the  beat. 

The  first  beats,  whethernatural  or  artificially  produced,  which  occur 
while  the  ventricle  is  still  in  a  somewhat  relaxed  or  atonic  condition  in 

•  '*  Joum.  of  Plivpiolo{;v,"  vol.  i,  p.  152. 

t  "  Ccnlralbltttt  i.  d.  Mnl.  Wi:.s4.n*ih.fteu,"  1876,  p.  385. 


Dr.  W.  H.  GaakeU.  [Mar.  11. 

I've  of  ihe  operation  oi  beu^  tied  oa  the  caanai&,  arr  laaa  in 
'  d  more  painted  in  sppMimiice^  i.e.,  remain  ■  shorter  time  At 
:  of  c:  DtractioB  than  those  which  are  obtained  after  the  hlood 
'.i%.-'iit2  soBW  time. 

•■-.■m<^  condition  ia  in  aO  probatnlitj  partly  dne  to  the  alkali- 
■:  b-.'xA. 

■-  ihi:  ventricle  or  apex  beating  n-ith  artificinl  blood  solotion 
-..rtrmhi  to  standstill  by  n;placins>  the  blood  with  "  normal  " 
>::.thc-a  an  alkaline  salt  Kolution  (l  sodium  hjdrate  to  20,000 
.'.:  "I'Txtion)  caiwes  beats  to  K^pear,  and  again  the  ventricle 
':\2.  bit  no  longer  in  the  position  of  diastole,  the  stanilatall 
'  r-x--  is  alwaja  a  8j-st<^ncita  diastolic  standstill. 
:.  :L^  ventricle  or  apex  is  beating'  nnder  the  infiuence  of  an 
'.'■yA  -olntion  and  the  alkaline  solation  be  sent  through.  (heD 
.:.j  corre  shows  how  the  alkaline  standstill  is  brought  abonti 
■T'^'.i'.  ru  is  as  poverfiil  as  with  the  blood  solution,  thecatrity 
-'  i  r-a':}!  time,  but  every  relaxation  is  less  perfect,  and  of 
-.~i;:'.Q  than  the  previona  relaxation,  nliile  the  period  of  Aill 
:.  :;:  fr^'.h  beat  is  progesdvelv  lengthened,  the  rate  of  rhylhn 
;:.-^'.'h  ^il'ervd  :  at  last  each  n?-Iaxation  becomes  invisible,  and 
ri^rt:-  ;i  -craigbt  line  at  the  level  of   ihe  height  of  foil  COD- 

z:  .h^  nj'ex  is  not  beating,  bat  is  motionless  in  the  poeittoa 
-■■  r>  Ir-.A.itiijn,  as  is  freqnentlj  the  case  when  salt  eolntion 
-  :.-.  '.l^r.^ub,  then  the  alkaline  solution  brings  it  wrj 
■'-  ■■■,1  t'.-  p-^-iition  of  eitreme  relaxation  to  that  of  extreaw 
:,  .^.■:l  r  jt  the necPBsaiy  prodactiou  of  a  single  beat, 
.    f  'i  :r:rjj  this  tonic  action  of  the  alkaline  soltttinn,  artjficid 

:•!  ]--.  ■>  'i,  then,  as  in  the  case  jnst  mentioned,  the  timoof 

'■•'.  .;.  in  each  beat  is  lengthened  as  the  tonicitv  rises. 
--  :t"i'I  -olQtions,  such  as  lactie  acid  (1  laetie  add  to  20,000 

'."  ~'<Iiuion),  lower  the  tonicity  of  the  cardiac  mnscle. 
'   I- '    li'tic  acid  solution  is  sent  throogh  a  beating  ventrioli 
'■:in'e  is  prodaced  nearly  the  exact  converse  of  tba 

::"  I  :^'r,::i  alkaline  solatioDS  ;  the  separate  beats  pn^rressiraly 
'■■:  '■.  iirL'sent  a  pointed  appearance,  owing  to  the  exti«ma 
!  ■..  liroe  of  full  contraction,  and  very  qnickly  tlM 
r  :i|-  V  !'L-mains  still  in  the  position  of  extreme  relaxation. 
ri  In-  rri'in-  of  the  acid  solution  the  bcata  have  been  msoh 
i  fore  thfii  the  alkaline  solntion  can  bring  them  back  to 
ri(i;il  {■■rco  and  character,  and  then  produce  its  own 
-tif  cITfit.  iind  if  the  acid  solntion  be  again  sent  through,  it 

..vir|i'i^\-<  rs  the  action  of  the  alkali,  and  the  ajwx  w 
Jowly  frills  from  a  condition  of  extreme  contraction  to  oaa 
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e.  If  the  acid  solution  has  brought  about  a  condition  of  nearly 
absolute  relaxed  or  atonic  standstill,  then  removal  of  the  acid  by  salt 
solution  does  not  improve  the  beats,  and  does  not  raise  the  tonicity, 
but  immediately  the  alkaline  solution  is  sent  through,  the  tonicity 
begins  to  rise,  and  the  beats  are  strengthened  until  the  ventricle 
passes  into  the  condition  of  systolic  or  tonic  standstill. 

d.  The  reverse  case  is  also  true  ;  although  salt  solution  sent  through 
after  the  alkaline  solution  will  very  g^radually  bring  the  ventricle  from 
the  contracted  to  the  dilated  condition,  yet  the  lactic  acid  solution 
produces  the  same  effect  with  much  greater  rapidity. 

e.  These  very  dilute  alkali  and  acid  solutions  do  not  produce  their 
effects  by  permanently  injuring  the  cardiac  muscle,  for  in  either  case 
it  is  possible  to  restore  the  beats  to  their  original  strength  and  character 
by  sending  the  artificial  blood  solution  through. 

4.  Certain  alkaloids  act  in  this  respect  in  the  same  manner  as 
alkalies,  others  as  acids. 

a.  Digitalin  or  antiarin  in  artificial  blood  solution  or  in  normal  salt 
solution  produce  exactly  the  same  effect  upon  both  the  beating  ventricle 
and  the  non-l)eating  apex  as  the  alkaline  salt  solution. 

b.  Blood  solutions  containing  muscarin  and  pilocarpin  gradaally 
diminish  the  force  of  the  beat  without  necessarily  slowing  the  rate  of 
rhythm  until  the  ventncle  stops  beating  in  a  condition  of  relaxation,  as 
in  the  case  of  lactic  acid  solutions ;  at  the  same  time  the  beats  show  all 
the  characters  of  the  atonic  beat. 

6.  Atropin  acts  in  the  same  direction  as  alkalies,  but  only  raises  the 
tonicity  to  a  slight  extent,  at  least  with  the  dilute  solutions  hitherto 
employed. 

5.  The  tonicity  of  the  muscles  of  the  smaller  arteries  is  increased  by 
alkalies  and  lowered  by  acid  solutions.  This  is  concluded  from  the 
action  of  the  alkaline  and  lactic  acid  solutions  upon  the  vessels  of  the 
mylohyoid  muscle,  upon  the  rate  of  flow  from  the  abdominal  vein  when 
the  solutions  are  sent  through  the  legs  alone  and  upon  the  mesenteric 
vessels. 

In  all  cases  with  the  alkali  solution  the  arteries  contract,  the  rate  of 
flow  diminishes  or  ceases  altogether,  and  as  long  as  the  alkali  solution 
is  passing  through  the  contraction  remains ;  with  the  lactic  acid  solu- 
tion, on  the  other  hand,  the  arteries  dilate  to  their  full  extent,  the  rate 
of  flow  is  markedly  increased,  and  no  constriction  takes  place  unless 
tho  alkaline  solution  be  again  sent  throngh. 

The  author  reserves  for  another  occasion  a  fuller  description  of  his 
results,  as  well  as  a  discussion  of  their  bearingH. 


BuTon  EttingBhETiiBeii. 


III.  '•  K(.-port  ou  Phj-to-PalseoDtoIogical  Investigations  of  th» 
FfiKHil  Flora  of  Alum  Bay."  By  Dr.  Constantik  B&RON 
Kttingshausen,  ProfesBor  in  the  University  of  Grax, 
Austria.  Commmucwted  by  Professor  Huxi.et,  Sec.  R.S. 
KtcLivtil  March  4,  1880. 

Tlic  ivliiio  t-laj  of  Alnm  Bay  and  the  foaail  pl&nts  incKided  in  !l 
havfc  Ijcon  long  known.  The  introdnctioD  to  the  "  Monofrraph  on  thfr 
Uritisb  Eotent-  Flora,"  Pal»ontogT»pbical  Society,  1879.  p.  12,  give*  » 
(k'tailcd  hiskry  of  this  locality. 

Tilt  fir.-^t  -scientific  inrcstigatioii  of  the  fossil  planlH  of  Alnia  B»j 
wen-  niiiiif  by  Dr.  De  la  Harpe  and  Profesaor  Oswald  Heer.  whi> 
t-riurtiir-iittd   ;i    Flora    of  about   forty  species,  dtstribntod  in  eoi 

i  liiivc   drvoted   the   winter  1879-80  to  the  iavestigation  of  1 
l-'oN^il  Floni  id  the  nritiefa  MDseaiii,and  I  have  had  tmdere: 
foi'  this  piirjirisL'  the-  fossil  plants  of  Alam  Bay  collected  hy  W.  Stepbas 
Miichill  and  Mr.  H.  Keeping,  the  collections  of  the  Woodw 
Mii^cuui  lit  L'iimhridge.  and  those  of  the  Museum  of  Practical  G 
un.l  thu  (.■oll.i-tir.ii  of  Mr.  John  Starkie  Gardner. 

Tlu.-  Rsult-  ..(  this  investigation  are  as  follow:— 

The  Kos.'.il  Flora  of  Alum  Bay  contains  at  least  116  gpnera  tSktjt 
r-^Hi-'w^.  ivlii'li   an-  distnbated  into  63  families.      Of  thesi 
M-i>i!  to  ihv  Thiillophyta.  2  to  the  Filioes,  5  to  the  Gym 
<:  U.  (Ill-  Monototj-ledoiis,  28  to  the  Apetalte,  16  to  the  Gamopi 
."4  to  till    Itiiilvpctalis.  and  "2  are  indeterminable. 

,\  MilF-iio[iic;il  cliraiitc,  at  leaat,  is  indicated  by  many  of  the  I 
^["  1  ii .-,  :iii<l  \'y  the  Artocarpere,  Cinchonaeeu;,  Sapotaeoc,  Ebt 
liMitnii  irifi ;( ,  iiombacetp,  Sapindacese,  Malpighiaccse,  etc. 

'I'Ih    L'l  111  i"i   wliicli  are  common  to  Alnm   Bay  and  Sheppej  fl 
■l'.j||i(ji>--.     *('u}irL'^>'i!iit<'s,    Sequoia,     •Cjperit«H,    Smilai, 
'  A'lpriiurri,  ' '^jiii-rens,  Juglans,  •Laams,  Nyssn,   Prot^oidcs,  Cindl 

■ ri,    A|ici'-i. 'ioiiIijIIqhi,   Sapotacites,   •Diospjroa,  Symplocoo,  T 

'ic,li:i.  'Ni  lrnr]lii[i[(i.  'Hiffhtea,  Acer,  "Siipiudus,  'Cupania,  . 
'  iliii  :il\  j.tir-.  '  l']urius,  Amjgdalua,  'Podogoniuni,  Lt'gum 
•(■,,t[ii,lLilMs,    Ifi  I  III'  j;i-jiLTii  to  which  anasterink  is  prefixed,  are  fi 

l-i'     ■ rf„,„  I.,  Alum  Hay  and  Sheppej.     This  great  ti 

■_-i  ',.  r.].  ^  .:iiMi.riii  U)  Aliini  Bay  and  Sbeppey,  seems  to  point  to  SO 

I  I'.  '  I  iinrii  \ iu'lwi'cn  the  two  Floms,  that  it  doea  not  appear  U 

Fi.  I>i    ,rli  I  -il.li    111  ijiHlinguiBh  the  leavts  of  (he  one  fro 
■  I  •   I.I  III  I    p  \i  'I  1  Iiiiii;,'-Ii  tluy  cannot  he  abtioliiteiy  connected,  byst 
;pi.ilii     ri:,iiM  -       I    liiiil    il   in    [JOBBihle,  by  comparing  the  IcavM  t 
■riiii     I.I    ilii  JF'  ri.iiiof    iiviii),'  annlngnea,  to   unite  them  in  many  O 
I'M  1  11-  \  isii,[i:illy.     For  imttniico,  1  find  that  the  leaves  of  c 
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the  Cupanias  from  Alum  Bay  approach  nearly  to  those  of  the  existing 
Cnpania  glabra,  and  I  shonld  prefer  to  unite  with  these  Alum 
Bay  leaves  the  form  of  Cnpania  frait  from  Sheppey,  which  most 
nearly  agrees  with  the  same  living  species,  namely,  C.  glabra,  ^. 

Liqnidambar*  and  Metrosideros,  which  are  common  to  Sheppey  and 
Bonmemouth,  are  as  yet  absent  at  Alum  Bay ;  on  the  other  liand,  we 
have  in  Alum  Bay  the  genera  Symplocos,  Nelumbium,  and  Hightea, 
which  are-  common  to.  this  locality  and  Sheppey,  but  not  yet  found  at 
Bournemouth. 

The  small  number  of  ferns  and  palms,  in  comparison  with  the  much 
greater  number  at  Bournemouth  and  of  the  latter  at  Sheppey,  is  re- 
markable. This  is  attributable,  I  think,  only  to  local  physical  con- 
ditions, and  perhaps  the  same  conditions  may  have  led  to  the  much 
greater  prevalence  of  Dicotyledons  in  Alum  Bay.  In  the  beds  of 
Studland,  which  are  on  the  same  horizon  as  Alum  Bay,  remains  of 
palms  and  ferns  alx)und,  though  belonging  to  few  species. 

Many  of  the  Dicotyledons  correspond  with  Miocene  species,  and  I 
do  not  doubt  that  there  is  a  genetic  conncKion  between  them.  We 
have  in  Alum  Bay  the  precursors  of  Quercus  Lonchitis,  Q.  mc^diter- 
ranea^  IJlmns  longifolia,  Celtis  Ja{)eti,  Ficus  lanceolata,  F.  sagoriana, 
F.  areinervis,  F.  Riiminiana,  Juglans  parschlugiana,  Salix  Integra, 
Nyssa  striolata,  Gn^villea  Hirringiana,  Persoonia  laurina,  Olea  car- 
neolica,  Fraxinus  primipccnia,  F.  savinensis,  Cinchonidium  bilinicum, 
C.  latifolium,  Apocynophyllum  Amsonia,  Symplocos  ]>ar8ch1ugiana, 
Ceratopetalam  bilinicum,  C.  radobojnnum,  Bombax   ehorisia^folium, 

B.  salmalinfolium,  Temstrosmia  radobojana,  Acer  decipiens,  Dodona^a 
Salicites,  D.  Apocynophyllum,  Celastms  Europoms,  Ilex  stenophylla, 
Vitis  teuionica,  Rhus  stygia,  Amygdalus  oeningensis,  Palseolobium 
radobojenae,  Cassia  Phaseolites,  C.  sagoriana,  C.  Memnonia,C.  lignitum, 

C.  stenophylla,  Mimosites  cassio^formis. 

There  are  also  what  appear  to  be  certain  ancestral  s{)ecies,  if  I  may 
nae  the  expression,  nearly  allied  to  several  miocene  species,  whose 
characters  they  unite;  for  instance,  Hiraea  intermedia  connects  H. 
borealis  of  the  Fossil  Flora  of  Hwring  and  H.  Ungeri  of  the  Fossil 
Flora  of  Sotzka ;  Celastms  Tufiiis  connects  C.  ^oli  and  C.  Murchisoni: 
Celastms  Fcnjad  connects  C.  cassinefolius  and  C.  Bruckmanni ;  CelaA- 
troB  Salidn  connects  C.  protoga>us,  C.  Acherontis,  C.  deperditus  from 
Hamng,  C.  Hippolyti  from  Kutschlin,  C.  oreophilus  from  Sotzka  and 
C.  stygins  from  Switzerland;  Rhamnus  acutangula  connects  R. 
paucinervis,  R.  colubriiioid(»s,  R.  orbifera,  R.  ajningensis,  R.  Graefii 
sod  R.  Decheni ;  Cissus  celnstrifolia  connects  C.  rhamnoides  and  V. 
celtidifolia ;  Rhus  cyclophylla  connect«$  R.  Pyrrha\  R.  Brunn(>ri  and 
B.  Meriani. 

*  TheAlam  Bay  specimen  called  Liquidanibar  id  oiilv  a  Ie«»  palmitid  form  i)f 
Aralia  primigenia. 
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In  addition  to  the  great  number  of  Miocene  species,  whose  01-1^711 
(■an  ap]i:irently  be  traced  bank  to  the  Eocene,  there  are  not  nauting 
indications  that  certain  Miotene  genera  were  not  completely  difiercD. 
tiattil  into  genera  in  the  Eocene  period.  For  infitanee,  the  gvniui 
Ciistanca,  perfectly  developed  in  the  Miocene,  seeme  to  be  represented 
in  the  Eoeeiie  by  a  Castauea-like  oak,  Q.  Boameasis,  which  combines 
in  itself  uliaraeters  common  to  both  penera,  which  arc  no  longer  found 
united.  Another  example  ie  afforded  by  a  Pomaderrid-hke  Bhamnnft, 
n-hieb,  in  like  manner,  see niH  to  show  the  commencement  of  tbedifferen- 
tiiition  or  I'oninderris  from  Rhamnna,  completed  in  the  Miocene  Flora. 

I  have  Hclectcd  for  mention  a  few  from  among  a  great  nnniber  of 
new  forms,  as  possessing  special  interest. 

A  very  distinct  Marattia,  nearly  allied  to  H.  KanlfuK^i,  J.  Smith,  ; 
ivmnikabli!  as  being  the  first  species  met  in  the  Tertiary.     The  Caltis 
iii  allied  to  C.  Japeti  of  the  Miocene  Flora  of  Parschlug  c 
side,  and  to  the  living  C.  anstralis  on  the  other. 

The  only  Adcnopeltis  is  allied  to  an  American  living  species.  TI16' 
presence  of  t>vo  species  of  Biinksia  is  ascertained  beyond  all  doobl^, 
liiiice  their  Ki'i'ds  also  occur;  many  other  leaves  formerly  named 
ltank>ia  1  now  agree  may  belong  to  Myi-ica.  The  prot«aoeoiik 
l.omatia  in  re|>rcsented  by  a  fruit.  Very  characteristic  l(<aves  <rf 
ArlKtiiloeliia  and  of  Alyxia  allied  to  tbe  living  Alyiia  spioatA  K. 
[ti-own,  and  a  Clerodendron  allied  to  the  Ea«t  Indian  C.  viKtoatlU' 
\'ent.  arc  f'l'und,  bnt  rarely. 

or  l)iiis]>_vri)s  is  fo«!id  calyi,  berry  and  leaf,  tbe  berry  ocnuTlffl^ 
Ills.!  inSliepppy.  The  solitary  species  of  Diospyros  of  Alum  Bay  a 
tliat  of  Slicjipcy  are  the  same.  The  only  epecios  of  Comns  is  remark- 
iilile  as  slii>Hiiig  perhaps  a  genetic  relation  witb  some  of  the  Miocene 
spi'i'ies.  The  leaves  of  two  species  of  Malvaceie  belong.  I  think,  to 
(wii  vi  the  K|iei'i<'s  of  Higbtca  from  Sbeppey,  where  eight  species  an 
loiind.  One  o(  tbe  very  characteristic  leaflets  of  BomlaceBB  mtj 
lii'luDL'.  on  aceount  of  itjt  venation  and  form,  to  tbe  Brazilian  genwi 
,Sal[ii:i]i:i :  anil  very  characteristic  leaves  of  Temstroemia,  neariy  aWvtj 
to  a  Miiirciie  U'vm,  are  found.  OfCnpania,  thefmit«  of  eight  species  of 
vhii'li  -.lu-  I'oiiiiil  at  Shepi>ey,  I  have  distinguished  six  species  by  th«V 
leaii>  in  Alum  Bay,  and  these  I  provisionally  refer  to  the  neanst  of 
[lie  SlH'P|>ey  species.  The  only  Alum  Bay  Pistaoia  U  nearly  aUied  to 
llie  wi'll.kn'inii  I',  vera.  The  putamens  of  two  species  of  Prnnus,  of 
wliieh  oiLe  is  I'oriunon  to  Sheppey  occur,  and  of  Amj-gdalns  thr«0 
s]H.M'ies  of  fiuils  are  fonnd. 

Of  llie  l'a|iiliiinacea'  I  could  distinguish  thirty-eight  species  belong- 
ing lo  li'ii  gcTieni.  The  richest  are  Cassia  and  Dalbergia,  and  manj 
Mpeeie.s  ol  ilieiii  arc  also  found  In  Hairing  and  Sotzka, 

Tiie  c.niparisoa  of  the  Kosail  Flora  of  Alum  Bay  with  that  of 
l(,.urtieuioutli  uud   with  the   other  Tertiary  Floras  is  reserred  BrtM  \ 
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further  inTestigatioiis  are  completed.  The  most  striking  fact,  how- 
ever, in  connexion  with  the  Alom  Baj  Flora  that  mj  work  even  at 
this  stage  has  brought  out,  is,  that  more  than  fif tj  of  the  species  are 
common  to  Sotzka  and  Hering,  while  a  lesser  number  are  common  to 
S^aanne,  the  Lignitic  of  America,  and  to  other  Floras. 

It  is  mj  pleasing  duty  to  have  again  to  acknowledge  mj  thanks 
for  the  very  important  help  the  Royal  Society  has  afforded  me.  I 
have  also  to  acknowledge  my  indebtedness  for  advice  and  assistance 
to  Sir  Joseph  Hooker,  Dr.  Henry  Woodward,  Mr.  William  Garruthers, 
Mr.  T.  O.  Baker,  Mr.  R.  Etheridge,  jun..  Professor  T.  M.  K.  Hughes, 
and  Mr.  J.  S.  Gardner. 

Genera  and  Species  of  the  Fossil  Flora  of  Alum  Bay. 

Thallophtta. 

Bhjtiama  Eucalypti.    Ett.  and  Oard,      Sderotium  antiquum.    Ftt,  and  Qard. 
„        priicuin.     Bit.  and  Oard, 

Fiucu. 

Chiyiodiuiii  Lanxeanum.     Vuian,  »p»      Marattia  Hodkari.    Ett.  and  Qard. 
Anemia  toboraiaoea.    S^,  tp, 

Gtmjtobpebmje. 

Cupreuintct. 

Qljptoitiobui  Eiuropsus.    Brongn.  tp,        CupreMinitM  globosut.     JBowerb. 
Cillitrii  oforta.    Bifwerb.  gp, 

AhietineiB, 
Soqaoia  Laogidorfii.    Brongn.  sp.  Sequoia  Couttsic.     Setr. 

Podoearpea. 
Podocarpus  eoccnica.     Ung. 

M050COTTLSDON  S8. 

OraminetB. 

Arundo  Goepperti.    MU-ttt.  ap. 

Cyperacea. 
Cvperites  eocenicus.    Bit.  and  Oard. 

Smilacem. 
Smilax  lancifolia.    Bit.  and  Oard. 

Palma. 
Habal  m^jor.     Ung.  Flabellaria.    tp.  adktte  indettrm. 

Aroidea, 
Aronium  eooenicum.    Bti.  and  Oard. 


Miri.'a  ?alifln».      l/ny.  Httriogittna.      fug. 

.,       ll};tiiiiiiii.     Ung.  „      aouiniiiikts.     Uiifl. 

Biiyuriunu.     Etl.  C  mill  ai-utilobn.     Stfmi.  tp. 

QiKTriis  Ljellii.     Seer.  lis  dTyintja.      f'njr- 

lirH!-lonclii(i».    £J<.  iMdOard.  „         BounicnBia.     Delaltarf. 

ImicliitiB.     Ung.  „        vihiiniifolis.     Zc#j. 

I'mi'-iiK'aitcrraiiM.     EU.   and  F>  itiTiut'diu.     Elt.  atd  Oard. 

Uard. 

Ulmacea. 

rii>iu>imlif]iil»nimiL.     Sap.  Planers  Ungcrl.    Elt, 

Celtidea. 

Coltis  Woodwurdi.    Xtt.  a«d  Qitd. 

FU-iia  |inp-liiii(T.)lriht,     Eft.  aad  Oard.      Fica»  l.imcliiFfolia.     EK. 
„      liiiii>i>,ilnlri.      }[eer.  „      IF.Tthi.      J5».  aW  Oard. 

..      Morri-ii.     Zlf  ?a  Sarpe.  „         neuic.nis.     B".  oi.rf  Sarrf, 

„      lU'l.'ta.     Elf.  aad  Oard.  „      plBniooBtAU.     £et;. 

,.      :irTT»u-u,i,      /.Mj.  „      ILeussii.      £■//. 

OisiE.     -Ef/.  a«rf  Onnf. 
Bon  erbniikii.      £>e  (d  Barpe. 
■«/j.  „       Gn.milliUa.      .Wfl«.  4p. 

Elf.  and  Oard.  „      Ejifniwlius,     Ung. 


v\na  iMii'iiliii.     EtI.  and  Qard.  Aitooarpiiljuiii  itilo^foliom.      Vag. 

K'Tir]iiiliuiii  ^'nktidifolium.    EU.  and 

nnl. 

Iiiiii   iirii'-pirs'Miigmiiii.     E/l.   and    Juglana  Sbftrpflj.    Dt  la  Sarf*. 
iii-il.  Jugluii(lit<>*  ccrnuui.     Sap, 

Eaphorbiacea. 
Ailcuupeltia  Alumengia.     Ett.  -ind  Oard. 
Saticiiiea. 
t  lili.-.lrc.      Kff.  iml  Oard.  Salii  tfiiuifoli*.       EtI.  and  0»fJ. 

]>rii'-iiai|:ru.      Efl.  Bitd  Oard.  Populue  I'ui-onica,     Ell.  and  Oard. 

S'lntatarta. 
Inliiin  Milirlnum.      Ell.  N  AjLimcntu.      j  d  Oard. 

mOirronlioum.     Etl.  „  rop™,      ( 

i.-yrinum.     Ell. 
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FroUaeem, 

Protaoides  orastipet.    Eit.  and  Gard.      Lomatia  Britannioa.    SH.  and  Oord, 
Grorillea  Hermionis.       „  „  Bankna  UngerL    Eit 

Penoonia  eooenica.    Eti.  .,      dillenioidee.    Eit, 


n 


Lamrinem. 


Laurus  primigenia.     Ung. 
oooteidee.     Letq, 
Salteri.     De  Is  Harpe, 
Agathophyilum.     Umg. 
Swozxowiciana.     Ung, 
Joris.    De  la  Harpe, 
Tetusta.    Sap. 
•oeialii.    Le»q, 


Lauras  Lalages.     Ung. 

„      Haidingeri.    EU. 
Cinnamomum  BoMinsssleri.    Hwr. 

„  poljmoxphum.    A.  Broun. 

y,  eocenioum.    Ett. 

Daphnogene  TeroneiiBis.    Mau.  sp, 
angUca.    Seer. 


n 


Daphnoidea. 
Daphne  aquitanica.    Ett. 

Ngetaginea. 
Pisonia  eooenica.    Ett. 

Aristolockiem, 
Ariftolochia  Alomenais.    Ett,  and  Oard. 

Gamopbtaub. 
CinchoncuteiB. 

CinGhonidiam  laneeolatum.    Ett.   and    Cinchonidiom  pr»-latifoliam.    Ett.  and 

Oard,  Gard, 

Cinehonidiam  pne-bilinicunu    Eit.  and 

Gard. 

Ohacem. 

Olea  Britanniea.    Ett.  and  Gard.  Fraxinos  Joj'ib.    Ett.  and  Gard, 

Nolelaa  primigenia.    Eit.  and  Gard.  ,,        pre-sarinenBiB.    Eit.  and  Gard. 


Apocgnacea, 

Aljiia  Bniopaa.    Eit.  and  Gard.  ApocjnophjUiim  Heringianum.    Ett. 

ApoejiiophjUmm    Titanic.     Ett,  and  „  Pn»-Amaoaia.  Ett. « 

ChMrd,  Gard. 

Apoojnophjllmm    grande.      Ett.    and 
Gard. 

Convoltmlacem. 
Porana  OBningensit.    A,  Braun, 

Verbenaeea. 
Clerodendron  Europeum.     Eit.  and  Gard. 

Mgrtinect. 
Mjmine  Erds.     EtL  and  Gard, 

Sapoiacra. 

AipoCaeitea  eooenicut.    Eti.  and  Gard.     Bumelia  Oreadnm.     Un^. 

„        emarginatiu.     U^r,  „       Drjadum.     Ett.  and  Gard, 

n        ttdnozjloidet.    Eit, 


Sj/mpUicftt. 
Sjmptoco*  BritennbK.     SH.  aad  Oard. 


Vaccinita. 
BU.  amd  Oard.       Ta  ci 


n  ichcronlionni.     (^.v. 


Ericaeea. 
Andromedk  protogaa.     Unrj, 

DiALTFITlLB. 

AraliactiB. 
Aralia  primigenia.     Da  la  Sarpe, 

Comus  atlantica.     Etl.  amd  Garii. 
Sarifragacea. 

1  Fomrui^.     Elt,  and  Oard.        Ceratopetalimi  M:tnni.    Btt.  a%it  tjai 
•taliini     crassipes.       Ett,     and  „  Kicridginmim.     StI, 


X.lumbiiim  Bm]iii.     Ell. 


Njimpiaatmt. 

NjmpbES  Dor 


Magnolia  stjgia.     Eli.  and  Oard. 
Ell.  nod  Oard.  Anona  ojclo#penna.      Etl.  aud  Oat4, 

ifcnicaai.    Ell.  and     TtemrpemoU-ii  ilcntalua.    Ett.  tad  On 

Malvacea. 

Bnicerh.  Hight«a  turbinslft.     Bovvrb. 

Bombacf». 
Ell.  and  Oard.  Snlmalill  horralis.     Ett.  and  Oard. 

Stcrciilia  jAhnuca.      Ung. 

iiigfridi.     Ett.  and  Oard. 


,.     Ell. 

Ell.  and  Oard. 


Ternttnwniacea. 
lira.     Etl.  and  Oard.        Saurai^a  robiista.     Sap. 


Qreiriopiii  int^gemma.    Bit.  and  Oard. 


i 
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Acer  eooenicum.    Btt  and  Gard.  Acer  prv-decipieni.    EU.  amd  Oard, 

Sapindaeem, 

Sapindus  eocenicus.     Ell.  and  Oard.  Cupania  tumida.     Bowerb, 
.,        angustifolius.     Lesq.  ,,        depretsa.         „ 

„        falcifolius.     A,  Braun.  „        oorrugata.      „ 

„        cnusineiTis.     Bit  and  Oard.  „        grandis.  „ 

Cupania  lobata.    Bowerb.  Dodonea  prs-salicites.      EU.  and  Gard. 
„       tabangulata.    Bowerb,  ,,       subglobosa.  „  „ 

Maipi^kiacem. 

Hir»a  intermedia.     Eli.  and  Gard.  Malpighiastrum  baniBterlQum.     Eti.  and 

lCalpighia«tram  grandifolium.     Ett.  <tnd      Gard. 

Gard.  Malpighiaatrum  pne-Tenosum.    EU.  and 

Gmrd. 

Cedrelace^. 
C«drela  primigema^    Ett.  and  Gard. 

Pitioeporea. 
Pittoflporum  aocenicum.     Ett.  and  Gard. 

Ceiattrinea. 

Cdatfcrua  Tafius.    Ett.  amd  Gard»  Celastrus  mjricinus.    Ett.  and  Oard. 

„        Feng».      „  n  Eleodendron  dubium.    Bit. 

f,        salids.       „  „  CelastrophjUum  undulattim.      Ett.    and 

,,        ebenuff.     Un4/.  Gard. 

„        pne-europsu9.     Ett.  and  Oard. 

Ilieintm. 
Hex  Atlaniica.     Ett.  and  Oard. 

Bkawmem. 

Ziiyphoi  Ungeri.     Heer.  Rhamnut  acutangula.    Ett.  and  Oard. 
„       TOtottiit.     „  „        pne-rectinerria.    „  „ 

„       iBtegrif<4iiii.     Heer.  „        pne-pomaderris.       Ett.    and 

„       padiyneuris.     Ett.  and  Gard.  Gard, 


Ampelidem. 

Oif fOB  AuFOTO.     Ett.  and  Gard.  Y'\i\%  pn^teutonioa.     EU.  and  Oard. 

n    oelastrifolia  „  „ 

Anacardiaeeet, 

Rhna  eydophjlla.    Ett.  and  Gard.  Rhat  prisca.    Ett. 

„     Atlantidis.         „  „  Pistacia  Britanuica.    Ett.  and  Gard. 

Myrtaceet. 

Bugenia  ApoUinii.     Ung,  CallistemophjUam  elegant.      Ett.    and 
EnoalTpiua  oceanica.     Ung.  Gard. 

„  Hffringiana.     Ett.  ,,  melaleocvfonne.  Ett 

MTrttit  eooenica.     Ett  and  Gard.  „  diosmoidet.     Ett. 

OaUistemophjUtun    obtasum.     Ett.  and 

Gard, 


BiospTTo*  eoeemc*.    Sfl.  and 

Sjmptocot  Britunio*.    Slf.  md  Onrd, 

m,     Sll.  and  Sard.       TMcir  am  BrheroDtio 

SriauxiM. 

Andromeda  protogna.     Vky. 


AraUacta. 

Aralia  primigenia.    D»  In  Eai-pe. 

Comui  ^Uantica.     Ett.  and  Gard. 
Sa^fragacea, 
comi  Foninoip.     F.tl.  and  Gard.        Cemtop  balum  Munni.    Ett.  and  Oard. 
topotnliim     cm9vi|>c9.       Elt.     and  „  Utcringianuiii.     Elt. 

iinbiimi  Builiii.     Elt.  NfmplUEia  Doris,     liter. 

Mag»oliacea. 
Magnolia  stjgik.    IXt.  and  Oard. 

im  <.'[niia:i(:i.     EH.  aad  Gard.  Anona  cTcIotpcntui.     Ell.  and  Oaei.^ 

BiUneriacta. 
nippniiiim   ooi'eiiioani.     Elt,  and     Pleroapermitos  dcntatus.    Btt.amd&ar4, 

Malvace^. 

Iitni  I'lliptioa.      Jiovfrb.  Hightea  turbinata.     Eoaterb. 

Bombacfa. 
ihii  Mi'iijiP.      El/.aad  Oard.  Siulmalia  Vri^is.     Ett.  and  Oard. 

.....  ^'•^■ 

Teriutramiaeem. 
Eft.  and  Gard.        Sfcumuja  roburta.     Sap. 


Orcviopiii  InUgerrima.    Ell,  and  Oard. 
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Aonr  eooenicum.    Eti  and  Qard.  Acer  pn»-decipient.    SH.  and  Chard, 

Sapindacem. 

SapinduB  eoceniciu.     Ett.  and  Oard,  Cupania  tamida.     Bowerb, 

.,        angustifolius.     Letq,  „        depressa.         „ 

„        (alcifoliuB.     A,  Braun.  „        oorrogata.      „ 

„        crassinemB.     Eti.  and  Oard,  „        grandis.          „ 

Capania  lobata.    Bowerb.  Dodonea  pne-aalicites.      Ett.  and  Oard. 

„       fubangulata.    Bowerb,  „       subglobosa. 


f»  it 


Maipighxacem. 

Hiraa  intermedia.    Ett.  and  Oard.  Malpighiastrtun  baniBteriqum.     Ett.  and 

Malpighiastrum  grandifolium.     Ett.  and       Oard. 

Oard.  Malpighiastrum  prae-yenotum.    Ett.  and 

Oard. 

Cedrelacea. 
Cedrela  primigenia^     Ett.  and  Oard. 

PUtotporem. 
Pittoeporum  eocenioum.     Eti.  and  Oard, 

Celatirinem. 

Celastnis  Tafnii.    Ett,  amd  Oard,  Celastnu  mjricinus.    EU.  and  Oard. 

Fengs.      „  n  Eleodendron  dubium.     Eit. 

■alids.       „  „  Celastrophjllum  undulatum.      Ett.    and 

ebenoB.     Unq.  Oard. 

pne-europeeus.    Ett.  and  Octrd. 


n 
I* 
»» 
>» 


Ilieinem. 
Her  Atlantica.    Ett.  and  Oard, 

EhamnetB. 

ZiiTphoi  Ungeri.    Heer.  Rhamnot  acutangula.    Eti.  and  Oard. 
I,       Tetoftos.     „  „        pn^reetinerrit.    „  „ 

„       integrifolias.    Heer,  „        pne-pomaderriB.      Eti.    and 

„       padiTneoriB.     Eit,  and  Oard.  Oard, 

Ampelidem, 

CiMiif  Aurone.    Eti.  and  Oard.  Vitis  pra»-teiitonioa.     Eti,  and  Oard, 

„    oelaBtrifolia  „  „ 

Anacardiacea, 

Rhm  eydophjUa.    Eti.  and  Oard.  Rhot  prisca.    Eif, 

AUantidis.         „  „  Piitacia  Britannica.    Ett.  and  Oard. 


}« 


MyriaciMt. 

Eugenia  ApoUinii.     Ung.  Callistemophjllnm  eleganf.      Ett.    and 

Bnoalyplus  oceanica.     Ung.  Oard. 

„          Hffringiana.     Eii,  „                melaleucffforme.  Ett 

MTrtnt  eooenica.    Eti  and  Oard.  „               dio«moidet.     Eti. 

CUlieleniophyllam    obtutom.     EH.  and 

Oard. 


[Mar.  11, 


m.       -,. 

„     \  ugeri.     De  Ja  Harpr. 

oliill.  „ 

„ 

„        ^mnonia.     IT-j. 

I.     Eft. 

„       ^jorkiu..    i:M. 

.     EtLamdOarS. 

„    pwuiiDgtanduloM.     Ell. 

...    Feronie. 

Cng.   tp. 

„    Zephjri.       „ 

,u«i.      U«3. 

„    praj-lignitum.     Elt.  ami  Oard. 

„     pnt-elenoplijll«.    „                  „ 

Ihiui.      „ 

■Copaifera  [irises.              „                „ 

ijoim'.      Ell.    and 

..         lUrpei- 

VeJediB, 

'".■J- 

Jhn: 

„          obtutis»imum.  „ 

1.    nil. 

.     Ell.  and  Qa»t. 

Oard. 

(V/. 

Oard. 

""■•/■ 

Mimositps    pric-cusaiivrunuiB.       Sll.    and 

f-'l/.  and  Oard. 

Sard. 

FuntK  iBCKBT^  asme. 

■idvalas.    J«.a»rf 

PhjlUte*Mri,wff.for.ui..     Ell.  a»d  Oard. 

„        hedeneeat.            „                „ 

u^.     £/f.  on^  Getrd 

.„        arbiitoidm.            „                „ 

<• 

» 

„         Xvrtlii. 

,. 

„        frons"loide». 

ViledB. 

Freio.                     „                „ 

,!                " 

„         Hiltiei.. 
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March  18,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  ttianksordered  for 
them. 

The  following  Papers  were  read : — 

I.  **  On  the  Structure  of  the  Immature  Ovarian  Ovum  in  the 
common  Fowl  and  in  the  Rabbit.  To  which  is  appended 
some  Observations  uj)on  the  Mode  of  Formation  of  the 
Discus  Proligerus  in  the  Rabbit,  and  of  the  Ovarial  Glands 
or  *  Egg-tubes'  in  the  Dog."  By  E.  A.  SCHAFER,  >F,R.S. 
Received  March  3,  18W. 

[Plates  2,  8,  4.] 

The  Ovarian  Ouum  of  the  Bird, 

In  the  ovary  of  a  laying  hen,  Graafian  follicles  are  to  be  fonnd  in 
almost  every  stage  of  growth,  and  the  fundamental  parts — germinal 
spot,  germinal  vesicle,  yolk,  and  follicular  epithclinm — exhibit  dif- 
ferences both  in  relative  size  and  in  stmctnre  at  various  stages  of 
growth.  I  will  proceed  to  consider  the  structure  of  each  fundamental 
part  in  detail,  as  it  is  presented  in  sections  of  the  ovary  prepared 
after  hardening  in  picric  acid  and  alcohol,  and  stained  with  log- 
wood or  with  magenta. 

Germinal  Spot. — In  larger  ovarian  ova,  those  which  are  already 
'5  millim.  and  upwards  in  diameter,  the  germinal  spot  appears  homo- 
geneous and  stains  of  a  uniform  dark  colour  with  logwood  (fig.  1).  It 
is  either  completely  spherical  in  shape,  or  somewhat  ovoid.  In  the  latter 
case  it  is  very  commonly  eccentric  and  placed  close  to  the  wall  of 
the  germinal  vesicle,  with  which  it  may  appear  to  be  blended.  When 
spherical  it  is  often  situated  near  the  centre  of  the  vesicle ;  and  from 
its  periphery,  in  what  may  be  considered  a  typical  condition,  filaments 
of  g^reat  tenuity  radiate  outwards  to  the  wall  of  the  vcMiclo,  to  the 
inner  surface  of  which  they  are  again  attached,  and  that  so  closely 
that  it  frequently  happens  that  when  shrunkim  from  the  action  of 
reagents,  the  filaments  may  break  in  the  middle  rather  than  suffer 
themselves  to  be  dragged  away  from  the  wall  (fig.  1,  g).  These  radi- 
ating filaments  ramify  and  intercommunioato  in  such  a  way  as  to  form 
a   delicate  network  (intra-nuclcar  network)  which  as  wo  have  seen 


m 

of  the    n 
gwood,      I 
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serves  fo  connect  the  germinal  spot  witli  the  inner  wall  i 
germinal  veBiclo.  The  network  is  hardly  at  all  stained  by  logwood, 
thus  presenting  a  marked  contrast  to  the  sabfltancc  of  the  germinal 
spot ;  mnreoFer  the  nodal  points  are  not  marked  and  tlie  whole  Btmc- 
ture  is  comparatively  indistinct,  tt  ia  jnst  anch  an  appearance  ait 
can  be  proilnoed  in  an  albuminons  duid  by  coagulating  reagents,  and 
I  am  afc  present  nnable  to  decide  clearly  in  my  own  mind,  wbolher  it 
is  natural  or  has'  thns  been  formed  artiSoially.  In  other  ova,  chiefly 
those  of  smaller  size  (figs.  2,  3,  4,  and  S),  the  germinal  spot  is 
composed  of  two  distinct  substances,  a  homogeneous  matrix  (ma.) 
staining  but  slightly,  and  a  number  of  coarse  grannies  which  arc 
darkly  stained  by  the  Ic^wood.  The  granules  may  be  scattered 
equally  thickly  over  the  whole  matrix,  or  they  may  leave  a  peripheral 
layer  of  the  spot  clear,  or  again  there  may  be  a  clear  part  in  tho 
centre  (fig.  3,  c)  as  well  «s  at  the  periphery  trf  tlie  spot(').*  This  last 
condition  I  have  especially  noticed  in  some  of  the  smallest  ova.  Aa  a 
rule  the  intra-nucloar  network  above  described  in  the  larger  ova  is 
not  to  be  seen  in  the  smallest  ones.  This  may  be  acoottnted  for  by 
the  assumption  that  the  network  is  formed  subsequently  by  a  pro- 
trusion  of  I  he  homogeneous  substance  of  the  spot;  i.e.,  if  we  regard 
the  nctnork  an  a  natural  formation.  On  the  other  hypothesis,  namely, 
that  it  is  an  artificial  production,  we  must  assume  that  there  is  lem 
albuminous  matter  in  the  fluid  which  fills  the  germinal  vesicle  of  ths 
smaller  ovum,  to  what  there  is  precipitated  around  tbe  spot,  and  dtiea 
not  adhere  together  in  the  form  of  reticulating  filaments.  In 
almost  nil  these  smaller  ova  the  germinal  spot  lies  near  the  wall  of  Iha 

llifmiiinl  Vesirlc. — In  aSl  the  oiva  the  wall  of  the  germinal  veai 
is  a  very  dintinct  membrane  which  becomes  stained  by  logwood,  ' 
not  viTV  diiikly.  When  a  portion  of  the  membrane  of  the  gemunal 
vesicle  of  one  of  the  larger  ova  is  separated  and  examined  on  the  fiat, 
it  has  a  finely  |iiinctate<l  appearance,  and  in  pro&le  i 
thai  this  is  duo  to  minnte  pits  with  intervening  thickenings  npon  bb* 
inner  surfnce  of  the  membrane  (fig.  7,  a  and  h).  (')  The  action  of 
the  reiiircrits  employed  generally  produced  a  shrinking  of  tbe  vesicle, 
so  tliat  its  outline  in  nmny  cases  became  irregular  (fig.  3),  bnt  whet* 
thtM  %lii'i]]kiiig  has  not  taken  place,  it  is  almost  perfectly  spherical 
except  in  tlie  largest  ova.  With  the  exeejition  of  the  germinal  spot 
the  conti'iUs  of  the  germinal  vesicle  in  the  younger  ova  remain  abso> 
lately  clear  and  un.staioed,  so  that  we  must  either  assume  that  there 
is  very  HI  tie  albuminous  matter  naturally  present,  or,  as  above 
suggested,  timt  this  has  been  precipitated  around  the  germinal  spot 
during  ibe  process  of  hardening  the  tissue.     In  one  email  ovum  two 
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germinal  Tesicles  were  obaerred  in  cloee  contignity.  They  were  of 
unequal  sise,  and  each  had  a  relatively  large  macula.  In  another, 
a  figure  of  which  is  given  (fig.  8),  there  are  also  two  yesicles,  but 
one  of  these  is  evidently  in  process  of  disappearance,  for  the  mem* 
brane  has  become  abnorbed  and  the  contents  of  the  vesicle,  including 
the  macula,  are  becoming  assimilated  in  appearance  to  the  vitellus. 

Yolk. — In  all  the  ova  the  yolk  seems  composed  of  a  network  of 
closely  interlacing  filaments  (').  The  network  may  be  coarser  or  finer ; 
it  is  very  fine  indeed  in  the  peripheral  layers  of  the  largest  ova  (ihoee 
above  a  millimetre  in  diameter)  which  generally  have  a  finely  granular 
aspect  (fig.  10,  I,  II) ;  coarser  in  the  smaller  ova  and  in  the  central 
parts  of  the  larger,  but  in  the  latter  the  coarse  appearance  of  the  net- 
work seems  chiefly  due  to  the  accumulation  here  of  the  large  spherical 
yolk  globules,  which  being  left  clear  in  the  sections,  g^ve  a  reticulated 
appearance  to  the  substance  in  which  they  are  imbedded.  In  the 
smallest  ova  there  is  nothing  but  clear  fluid  in  the  meshes  of  the  net- 
work, which  is  comparatively  open.  But  in  almost  all  there  are  oon* 
densations  of  the  network  (fig.6,  c,)  to  be  seen,  in  which  the  filaments  are 
fior  more  closely  interlaced,  the  i^pearance  presented  being  very  like  that 
which  might  be  produced  by  gathering  up  a  net  made  of  string  into  a 
bunch  at  one  part.  The  filaments  of  the  vitelline  substance  are  but 
slightly  stained  with  logwood,  bat  since  they  are  more  closely  placed 
in  the  condensations  here  spoken  of,  these  are  more  stained  than  the 
rest  of  the  yolk.  Eventually  as  the  ova  increase  in  size  the  conden- 
sations seem  to  become  more  numerous  (fig.  5),  and  to  spread,  and 
the  vitelline  network  to  become  eventually  closer  and  finer  everywhere, 
but  especially  at  the  periphery  of  the  ovum  and  around  the  germinal 
vende,  ihe  deposit  of  the  yolk  globules  producing,  as  we  have  seen,  a 
ooarser  appearance  in  the  more  central  parts. 

Other  condensations  (fig.  9)  of  vitelline  substance  occur  in  some  ova 
which  are  more  circumscribed  and  definite  than  those  just  mentioned. 
Thej  are  nuclous-like,  spheroidal  patches,  which  stain  deeply  with 
magenta,  less  deeply  with  logwood,  are  homogeneous  in  appearance,  and 
are  usually  encircled  with  a  corona  of  short,  straight,  radiating  fila- 
ments, which  do  not  interlace  with  one  another  like  those  of  the 
TiMline  substance  around,  but  may  however  (I  am  not  sure  of  this)  be 
ooniinued  into  the  vitelline  network  of  these  pMudo-ntcc^tfi,  as  I  will 
term  the  structures  in  question.  There  may  be  one,  two,  or  even  a 
greater  number  in  the  vitellus  of  the  same  ovum,  with  the  germinal 
vesicle  of  which  they  have  no  apparent  connexion. 

I  am  unable  to  conjecture  the  meaning  of  these  pseudo-nuclei,  or  to 
decide  whether  they  are  of  the  same  nature  as  the  **  yolk-nuclei  **  which 
have  been  mentioned  by  several  observers  as  occurring  in  the  ova  of 
fieh  and  Amphibia  (^). 

In  the  largest  ova  the  yolk  exhibits  several  distinct  layers  which 
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ijliadc  otr  tlic  one  into  the  other.  Close  to  tho  surrace  is  a  thin  lajei 
(tig.  lU,  I)  very  clear  and  almost  free  from  granules,  or  these 
nrc  of  extreme  minnteneaa ;  next  there  is  a  finely  granular  looking 
layer  (II),  considerably  thicker  than  the  last,  in  the  deeper  part  of 
which  are  imljcdded  the  elements  of  the  white  yolk  (IIIJ,  which  thus 
t'lirms  the  third  layer,  and  ■which  passes  gradaally  into  the  main  central 
sulistnncc,  or  yellow  yolk  (IV).  It  is  difficalt  to  observe  the  inter- 
lacing filaments  of  which  the  vitelline  substance  is  in  all  probability 
coitiposod  :  even  with  the  highest  powers  tho  superficial  layers  of  the 
yolk  of  these  larger  ova  show  little  more  than  am  appearance  of  fine 
punctatiim. 

Peculiar  .striated  systems  of  fibres  (figs.  12  and  13)  are  to  be  fleea 
ucciwionaliy  in  tho  vitellua-of  some  of  the  larger  ova.  They  are  gene- 
rally situiited  near  the  end  or  ends  (for  there  may  bo  two  such  systems 
in  one  ovum)  of  tho  ovam,  and  call  to  mind  B»me  of  the  amphiastral 
Hp|)caranccs  of  dividing  nuclei.  The  fibres  composing  them  do  not 
become  mere  diirkly  stoned  with  magenta  than  the  rest  of  the 
vitcllua,  but  tlicy  are  very  obviooa  both  on  account  of  their  peoaliar 
arrangement  (each  system  consisting  of  two  trianj^lar  halves  direr. 
liiut;  fri>iii  ;i  (.'cinmiou  centre)  and  on  accoant  of  the  fact  that  they  lie  in 
a  substance  ivhieh  is  clearer  and  stains  less  than  the  rest  of  the  vitslhis. 

In  theovum  fi<,fured  (fig.  12)  one  of  these  striated  systems  18  «tn- 
iited  in  ii  piiijeftion  of  the  vitellas.  I  draw  attention  to  this  beoanse 
it  may  mean  tluit  the  vitellus  just  at  the  neck  of  the  projection  where 
the  tiystciii  is  .sitiiiitcd  is  in  a  condition  of  contraction,  and  that  the 
ii|)penraHcc  (k-scTibed  is  characteristic  of  that  condition.  On  the  other 
hand,  it  is  just  pussible  that  the  figures  in  question  are  actually  karyo- 
litic,  find  derived  ffom  some  extruded  portion  of  the  contents  of  tlie 
germinal  vesicle.  In  this  case  the  phenomenon  is  probably  connected 
with  t)ic  jiLv  cue  ions  formation  of  polar  globule.s.  I  say  "  precocioiiB," 
liL'caust;  the  oviira  in  qaeafion  was  far  from  maturity  ("), 

M.„ihrii,irn  ■■/ Ihr  Oi>wm.,— I  have  only  one  remark  to  makeaboat the 
exteriiid  ciiveiirii;s  of  the  bird's  ovarian  ovum,  and  it  concerns  the 
-oiiii  r<vU'it".  Wuhleyer  states  that  this  membrane  or  layer  is  derived 
fniui  cells  111'  the  fi)llicular  epithelium,  and  is  continnons  with  their  sub- 
s(:infe  ('').  I  liiiil  on  the  contniry  that  in  good  sections  the  zoua  is  com- 
pletely  distitiei  from  tlio  follieniar  epithelium,  and  its  outline  ia  mora 
sharply  detini'd  externally  than  internally  {fig.  II,  i.  r.).  Moreover, 
wjiercllii'i'jjithiliuni  has  accidentally  been  broken  away,  portions  of  its 
ii'lls  do  nut  adhere  to  tho  zona,  as  they  would  tend  to  do  if  their  Bub- 
sianco  wei'e  continuous  with  it.  I  am  inclined  with  Balfour  (^)  tO 
rcgtird  tlic  z^ua  rmliata  therefore  as  a  product  of  the  protoplasm  of 
ilie  ovum.  1  liave  not  been  able  to  gain  any  information  with  regard 
til  the  origin  of  the  vitelline  membrane  which  might  enable  me  to 
decide  whether  itisa  prodnct  of  the^olk  orof  IhefolUcalaropilhelinia. 
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Nor  can  I  saj  whether  the  clear  interval  between  the  follicular 
epithelium  and  the  zona  radiaia  in  fig.  11 »  and  which  seems  to 
be  bridged  across  here  and  there  by  processes  of  the  follicular 
epithelium  cells,  is  the  section  of  a  homogeneous  "  chorion,"  or  merelj 
a  layer  of  clear  coagulated  fluid  (^) . 

Epithelium  of  the  Graafian  Follicle. — The  fc^licular  epithelium  of  the 
smallest  follicles  is  a  single  layer  of  oblong  or  cubical  cells  (figs.  5,  6, 
8,  9,/.  e).  As  the  follicle  grows  the  cells  become  more  columnar.  In 
larger  follicles  (figs.  10  and  11)  tlie  epithelium  is  two  or  more  cells 
deep  (').  The  cells  are  not  arranged  in  layers,  but  irregularly  disposed. 
They  are  for  the  most  part  rounded  or  angular  in  form,  but  between 
these  smaller  cells  other  longer  ones  are  met  with,  which  extend 
through  the  thickness  of  the  epithelium,  and  are  pyriform  in  shape, 
generally  with  the  stalk  of  the  pear  directed  outwards  (fig.  10,  ^). 
These  seem  to  be  the  cells  which  Waldeyer  figures  as  being  continuous 
with  the  zona  radiata,  but,  as  will  be  seen  from  what  has  been  stated 
above,  1  have  not  been  able  to  confirm  their  continuity ;  indeed,  the 
larger  end  of  the  cell  does  not  always  reach  the  inner  border  of  the 
f (Ocular  epithelium.  On  the  other  hand,  the  stalk  of  the  pear  always 
extends  at  least  to  the  outer  border  of  the  epithelium,  and  may  even 
in  some  cases  be  traced  into  the  connective  tissue  coat  of  the  follicle. 
These  cells  call  to  mind  the  pyriform  celb  which  cover  the  surface  of 
the  developing  Elasmo branch  ovary,  and  which  also  are  traceable  at 
their  attached  smaller  ends  into  the  stroma  of  the  organ  (^^). 

Ovarian  Ovum  of  the  Rabbit, 

The  following  description  is  derived  from  the  study  of  sections  of 
the  ovaries  of  rabbits,  which  were  either  full  grown  or  nearly  so.  The 
ovaries  were  removed  while  still  warm  and  placed  in  a  concentrated 
solution  of  picric  acid.  After  hardening  in  this,  they  were  transferred 
to  alcohol,  which  was  frequently  changed.  Sections  were  then  pre- 
pared and  stained  either  with  magenta  dissolved  in  oil  of  cloves,  and 
subsequently  mounted  in  Canada  balsam,  or  they  were  stained  with 
Beale's  carmine  and  mounted  in  glycerine,  or  sometimes  in  balsam.  In 
sections  of  such  ovaries,  as  is  well  known,  permanent  ova  and  Ghraafian 
follicles  are  to  be  found  in  every  stage  of  growth. 

Chrminal  Spot, — In  small  ova  the  germinal  spot,  as  in  the  bird,  is 
generally  represented  by  a  collection  of  darkly  staining  granules,  im- 
bedded in  a  homogeneous,  or  very  finely  g^nular  matrix  (figs,  14 — 20). 
The  outline  of  the  macula  is  generally  less  well  defined  than  in 
corresponding  ova  of  the  bird,  and  the  shape  is  more  irregular. 
This  granular  condition  of  the  macula  is  not  confined  to  the  small  ova, 
for  it  occurs  also  in  those  which  are  surrounded  by  a  double  layer  of 
follicular  epithelium  (fig.  20),  and  even  in  some  which  are  contained 
in  large  Oraafian  follicles  in  which  there  is  already  a  considerable 
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accaniulation  of  liquor  foUic id!.  In  the  latter  case  the  matruc  abave- 
iiicationeil  i^  absent,  and  the  maonlu  is  represeoted  by  a  Damber  (a 
dozfcn  or  so)  of  globalea  of  varying  size  which  appear  to  lie  loose 
within  thf  germinal  vesicle  (fig.  23,  h).  An  intra-veaicalar  network  ts 
somotiniL's  present,  and  serves  to  nnite  the  grannies  of  (he  macola, 
which  arp  then  few  in  number  and  icdividnally  larger  (figs.  21  and 
22).  It  is  possible  that  the  homo^neons  matrii  above  deaoribed  w»y 
represent  the  remains  of  such  a  network,  the  filaments  of  wliich  have 
slirnnk  up  into  a  mass  on  contact  with  the  hardening  reagent ;  bat  if 
we  are  to  assume  this  for  some  cases,  it  is  difficult  to  understand  whj 
it  should  not  take  place  in  every  case. 

G'.ri'iiii'd  Vexirle. — With  the  exception  of  the  germinal  spot  or  spots, 
and  the  intm- vesicular  network  when  present,  the  contenta  of  the  ger- 
minal ve.sicle  are  perfectly  clear  and  do  not  become  atained  to  mij' 
iipprt'ciablc  extent.  The  vesicle  ia  either  completely  spherical  in  shi^te 
or  it  may  prcsi'nt  one  or  more  bulgings  (fig.  18),  and  these  bolgiags 
are  frequently  turned  towards  the  nuclei  presently  to  be  described  M. 
making  their  appearance  in  the  peripheral  layer  of  the  viteHna.  Itt 
some  of  the  sections  the  wall  of  the  germinal  vesicle  seems  to  be  deft* 
cieut  for  a  small  extent  (fig,  14,  v.  g.),  as  if  to  permit  of  an  admixtnvs 
of  itN  contents  with  the  yolk;  but  this  appearance  may  be  duo  to  tbs 
wall  having  l)Ccome  so  thinned  as  to  be  imperceptible.  In  some  of  (Iw 
smallest  GniaGan  follicles  two  germinal  vesieiea  are  aeen  witliiit  <tav 
ovum  (fi^'.  'll'<).  It  is  possible  that  one  of  these  may  afterwards  ^9, 
appear,  i.r.,  that  t!ie  follicle  is  really  a  nest,  coiitaiiiing  two  fused  primi- 
tive ovii ;  or,  on  the  other  hand,  that  the  follicle  aud  ovum  are  abont 
to  divide. 

VilrHii-. — In  stnall  ovarian  ova  the  vitollos,  as  in  the  corresponding 
ova  of  I  lie  bird,  is  in  the  form  of  a  comparatively  open  network  of' 
anastoiiu>...inir  (ilaraents  (figs.  21,  22).  The.ie  tend  to  become  collect&d 
more  thiekly  iii;.'etlier  immediately  around  the  germinal  veaicle, 
alNO  at  the  perijihery  of  the  vitBllus.  In  larger  ova  a  network  ia  IMS 
longer  rei'iigni sable,  but  the  vitellus  aoqnirea  a  uniformly  grannlttfll 
a^pei-t.  «illi  generally  a  nunibev  of  larger  and  more  distinct  grantite»^^ 
imiirdded  in  il.  In  maturing  ova  the  vitelline  granules  ar,)  chiefly 
eolheled  immediately  in  contact  with  the  inner  surface  of  the  tewt 
}'■■!! iiri'ht.  but  are  also  distribnted  throughout  the  whole  vitellus,  dn. 
posed,  it  hiis  soiiK'timPB  appeared  to  mo,  in  closely  anastomosing  lract% 
leaving  clear  intervals  between. 

The  ;■"■"  yU'ifi'li  of  the  rabbit's  ovnm  is  late  in  becoming  formed. 
Kvcii  when  the  e]ii1helium  iu  the  Graafian  follicle  is  composed  of  two 
layers  ot  well-marked  columnar  cells,  it  is  still  thin  and  the  radiating 
pores  cannot  l>e  detected  in  it.  In  later  stages  of  growth  the  pores  era 
distinci  enouL'h,  and  they  ofl<'n  appear  to  be  occupied  by  minnte 
granules  »hich  are  Uke  the  vitelline  granules  on  the  one  hand,  and,  00 
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the  other  hand,  are  indistingiuBhable  from  those  in  the  layer  of  granular 
material  which  lies  between  the  oater  snrfaoe  of  the  ssona  peUueida 
and  the  innermost  layer  of  celb  of  the  diecus  proUgertu  (fig.  23,  a). 
There  can  be  little  doubt  that  this  granular  matter  is  produced  by  the 
cells  of  the  discus,  and  I  cannot  but  conjecture  with  Waldeyer  (^^) 
that  the  granules  in  question  pass  bodily  through  the  pores  of  Uie  zona 
to  add  themselves  to  the  food  material  of  the  vitellus.  I  have  seen  no 
appearances  such  as  those  represented  by  Pfluger  (^^)  and  Lindgren 
(^')  of  the  passage  of  entire  cells  of  the  discus  through  the  zona  (^^). 

Follicular  Epitheluim, — In  the  smallest  Graafian  follicles  which  are 
met  with  in  the  oyary  of  the  grown  rabbit,  the  epithelium  of  the 
follicle  consists  of  a  single  layer  of  flattened  cells,  which  tend,  however, 
to  be  thicker  and  more  cubical  on  one  side  of  the  follicle,  that,  namely, 
which  is  farther  from  the  surface  of  the  ovary  (fig.  25)  (}*).  As  the 
ovum  and  follicle  grow,  the  epithelium  oelb  multiply  and  become 
uniformly  columnar,  but  long  remain  in  a  single  layer  (figs.  14,  15,  16, 
18,  21).  Presently  another  layer  is  formed  within  this  first  one 
(fig.  17).  This  inner  layer  of  the  follicalar  epithelium  {dieeus  prolu 
gerue)  in  the  rabbit  appears  to  be  formed  at  the  expense  of  the  ovum. 
At  least,  this  is  the  only  interpretation  which  I  can  adopt  of  the 
remarkable  appearances  I  am  about  to  describe. 

Formation  of  the  DiecuB  Prcligerui  in  the  Rabbit, — If  we  examine 
those  Graafian  follicles  in  the  rabbit's  ovary  whose  follicular  epithe- 
lium is  stiU  composed  of  but  a  single  layer  of  well-marked  columnar 
cells,  it  may  freqaently  be  observed  that  one  or  more  nuclei  are 
imbedded  in  the  peripheral  layer  of  the  vitellus  (fig.  14,  n),  and  this 
part  of  the  vitellus  may  be  marked  off  from  the  rest  by  a  sector 
(fig.  16).  The  nuclei  in  question  are  oval,  with  their  long  diameter 
parallel  to  the  circumference  of  the  ovum,  and  at  right  angles  there- 
fore to  the  long  axis  of  the  columnar  cells  and  oval  nuclei  of  the 
f (Ocular  epithelium.  The  protoplasm  in  which  they  lie  is  more 
sharply  marked  off  from  this  epithelium  than  it  is  from  the  vitellus, 
and,  indeed,  it  looks  like  a  part  of  the  latter  cut  off,  for  it  has  the 
same  finely  granular  appearance,  is  stained  similarly  to  that  with 
carmine  and  magenta,  and  is  bounded  externally  by  a  direct  continua- 
tion of  the  general  circumferential  line  of  the  ovum.  Some  ova  are 
met  with  which  have  only  one  of  these  nuclei,  others,  in  which  there 
are  two  or  more.  When  more  than  one,  they  may  make  their  appear- 
ance in  different  parts  of  the  periphery,  and  these  parts  being 
segmented  off,  the  ovum,  from  being  round  may  acquire  a  very 
irregular  shape  (fig.  22). 

As  before  mentioned,  the  germinal  vesicle  is  often  bulged  towards 
thai  part  of  the  periphery  of  the  vi  tell  as  where  the  nuclei  are 
situated  (fig.  18),  and  with  care  fine  striations  may  occasionally  be 
detected  traversing  the  interval.     Such  appearances  incline  one  to  the 
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belief  that  the  nuclei  are  dtriicd  from  the  vesicle,  bat  scarcely  b^ 
distinct  ])iociss  of  cell  diviston  At  leiiet,  I  have  never  bees  able,! 
detect  anything  m  the  sluife  of  &  division- spindle.  The  only  otl^ 
pussiblL  I.X]  lunation  la  iliat  the  nuclei  and  cells  in  question  are  derinj 
f re  m  cells  of  the  folliOBlar  opitheliuin  vthich  are  ailuated  in  B  diffemg 
plane  from  th"it  included  in  the  soctnn,  and  burrow  obliquely  betWMj 
the  £r&t  lutmcd  Injer  and  the  Mtdlus  of  the  ovum,  imbedding  Qun 
selve.1  in  the  surface  of  the  latter.  But  this  wookl  not  aocoont  for  tt 
sliorpncss  with  which  they  are  always  m&rked  off  from  the  folliciM 
epithelium,  and  the  fact  that  both  nuclei  and  ceU-sabstance  diA 
materially  in  appearaace  and  in  their  reaction  to  staining  flnids  ftOD 
the  nuclei  nnd  cell- substance  of  the  first  formed  layer  of  epitheliam. 

Howc\'er  first  formed,  they  soon  multiply  and  spread  aroimd  ^ 
whole  of  the  ovum,  so  as  bo  form  a  second  oomplete  layer  of  foUiei^tf 
epitfiuliuni,  tlio  cells  of  which  in  parta  may  be  two  deep.  They  vatSB 
tjiin  for  a  time  their  disposition  parallel  to  the  circumference  of  a 
ovum  and  transverse  to  the  direction  of  the  cells  of  the  first  forSM 
layer  (li^-  l*")-  Moreover,  thoy  still  exhibit  the  same  behavin 
towards  shiiiiing  fluids  as  the  vitellns  itself.  But  as  tlie  follicle  od 
tinues  to  proiv,  ;ind  as  the  zima  pnlluci'la  becomee  formed  betwesd 
these  t'flls  iind  the  vitellus,  they  acquire  a  columnar  form  with  th^ 
long  nxi^^  of  tlir  cell  porpenilicnlar  to  the  surfaoe  of  the  ovum,  theii 
contents  clear  up,  and  they  come  to  resemble  the  cells  of  the  Q| 
formed  laji'r  iii  every  particular  (fig.  20).  ( 

The  only  sl;i  I  cment  that  I  know  of  which  suggests  a  parallel  betw^ 
these  appciiiiiTiees  in  the  rabbit's  ovum  and  others  of  a  similar  natfl 
elsewheiv  ■ic.'urs  in  the  description  which  Kuppfer  gives  of  the  tona 
tion  of  an  inner  layer  of  follicular  epithelium  (which  is  said  to  dey^ 
into  the  le-^1 )  frniii  nuclei  which  moke  their  appearance  in  the  pHj 
pheral  li.ver  of  Hie  viU-llus  of  the  ovum  of  Amidia  caiiuta  (1«).  TJnll 
it  is  I'eiTiiiiteii  to  cite  the  oltservations  of  Kleinenberg  upon  the  forrt 
tion  of  a  laver  of  cells  from  the  peripherj'of  the  ovum  of  Hydra,  ivhi 
cells  take  im  ]i:irt  in  the  development  of  the  ovum,  hat  are  aim]^ 
Iransforiiied  hitii  ii  capsular  envelope  (").* 

I  Ii:ivc  ni>t  in  cii  able  to  see  anything  of  the  kind  in  the  Graafian 
follicles  of  otiii'i-  M;Luinials  (cat,  dog,  man). 

Ornrian  Ova  of  the  Bitch.  ' 

The  youni,'  ova  (figs.  27  to  2',>)  have  a  germinal  vesicle  whidt 
contiiiii>  ii  germinal  spot  and  a  beautiful  intra  vesicular  networkJ 
Altiichcd  til  one  .side  of  the  gcrminat  vesicle  is  the  main  part  of  Gh^ 
solid  sulisfiLiK'c  of  the  vitellus,  and  this  vitelline  mass  is  connected 
*  TliiTi'  U  one  iiii[i[)rt:int  difTcrcDce  between  tliiMp  nuca  uid  the  sppcarancMn 
tlio  niMiit's  muiiiflti.jvc  den^ribed,  vii.,  that  in  tliem  the  tcparation  of  cella  fivm  IH 
viti-11ii=  oocura  uftur  f.TliliwilioD-  j 
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to  the  periphery  of  the  ovnm  bj  branching  processes.     The  rest  of  the 
contents  of  the  ovnm  is  clear. 


FotU'Emhryonic  Formation  of  Oraafian  Follicles  in  the  Bitch. 

In  sections  of  the  ovary  of  a  bitch-pnp  of  eighteen  days  it  is  easy  to 
convince  oneself  of  the  glandnlar  mode  of  formation  of  the  Oraafian 
follicles  and  their  contents.  Figs.  30  to  33  are  representations  of 
RQch  ovarial  glands,  showing  their  commnnication  at  this  period  with 
the  surface  of  the  ovary.  In  fig.  30  this  communication  is  direct, 
and  the  whole  structure  bears  a  striking  resemblance  to  a  racemose 
gland  whose  saccules  are  filled  with  cells ;  in  fig.  31  the  glands  are 
longer  and  more  irregular,  and  the  duct,  if  we  may  call  it  so,  does  not 
pass  straight  to  the  surface,  but  in  an  oblique  or  even  convoluted 
manner.  It  is  impossible  to  confound  glandular  tubes  of  this  descrip* 
tion  with  creases  upon  the  surface  of  the  ovary,  as  Foalis  suggests 
that  Pfluger  and  Waldeyer  have  done  (^^),  especially  since  in  many 
cases  where  the  tabes  are  cut  across,  the  lumen  can  be  distinctly  seen 
(Vig.  82). 

We  can  see  in  the  figures  how  portions  of  these  solid  columns  of 
cells  are  becoming  cutoff  into  "  egg-nests  "  by  ingrowths  of  the  ovarial 
matrix.  In  many  of  these  nests  the  primitive  ova  are  already  distin- 
guishable from  the  other  cells  by  their  size  and  the  clearness  of  their 
protoplasm.  But  it  often  happens  that  the  distinction  does  not  appear 
until  the  group  of  cells  which  constitutes  the  nest  is  completely 
■epamted  from  the  rest  of  the  egg-tube.  Fig.  24  from  the  rabbit's 
ovarj  illustrates  the  same  fact. 

In  sections  of  the  ovary  of  a  young  bat  nearly  full-grown  bitch  the 
same  glandular  character  of  the  superficial  parts  of  the  eg^-tubes  of 
Pfluger  is  evident  (fig.  34).  (^')  In  most  the  open  communication 
with  the  BWpface  is  lost,  and  the  solid  ends  of  the  glands,  which  form 
the  "egg-columns,"  properly  so-called,  have  also  become  severed,  and 
have  sunk  into  the  ovarial  stroma.  But  the  lumen  of  the  tube  is  still 
distinct,  and  the  section  is  wonderfully  like  that  of  the  dact  of  a  small 
aaerating  gland. 

Appearances  like  these  seem  to  me  to  point  very  clearly  to  the 
conclusion  that  the  typical  mode  of  formation  of  the  Graafian  follicles 
and  their  contents  is  by  a  gland-like  ingrowth  of  the  ovarial  epi- 
thelium, and  that  the  process,  which  is  described  by  Balfour,  as 
occurring  in  the  Elasmobranch  and  in  the  rabbit,  is  a  modification 
of  this  typical  mode.  For  it  must  certainly  be  admitted  that  the 
deeper-seatedness  of  the  columns  of  germinal  epithelium  as  the  ovary 
advances  in  development,  cannot  be  wholly  due  to  the  outward  growth 
of  the  ovarian  stroma,  since  we  see  how  that  even  after  the  ovary  has 
attained  its  full  size  the  Oraafian  follicles  (which  are  derived  from 
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tlicso   columns),  aa  tlief  i 
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lilt  of  the  fjreat  relative  develop]  ent  of  the  stroma.  On  Dr. 
i'  liy|iothi-sis  that  the  first  formed  I  lyer  of  follicular  op itb el iom 
iiuiciillt'ii  connective  tissue,  the  development  in  the  rabbit  of 
1-  lullii-ulai- epithelium  from  iovum  itself,  as  I  have  described 
I  lH'i|iiitt;  incomprehe  w  .s,  if  both  ova  and  epithelium 

foninion  origin,  there  would  no  morphological  abanrdity 
in  thi^  apparently  exceptional  node  of  development;  eape- 
iiT.  lis  \'.  Bcneden  (^')  and  Balfoar  have  shown,  the  permanent 
for  the  iLLost  part  produced  hy  the  fusion  of  two  or  more  cells 
vo  ova),  which  originate  from  the  germinal  epithelium  in 
with  the  fii-st  formed  layer. 
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DESCRIPTION  OF  THE  FIGURES. 

Figi.  1  to  13  are  from  sections  of  hens'  ovaries,  portions  of  which  were  hardened 
first  in  picric  acid,  and  subsequently  in  alcohol.    The  sections  were 
made  after  imbedding  by  the  method  of  soaking  with  cacao-butter 
C  Course  of  Practical  Histolog^r,"  p.  92),  and  were  stained  either  witli 
logwood  or  with  magenta. 
Fig.  1.  Oerminal  vesicle,  germinal  spot,   and   intra-Tc»icular  network   of  a  small 
ovarian  ovum  ('305  millim.  in  diameter).     Magnified  250  diameters. 
M.  V.  Membrane  of  germinal  vesicle. 
g.  Break  in  the  intra-Teaicular  network. 
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Fi)^.  2.  Oerminal  !<pot  nf  gmall  orum  ahowing  matrix  and  imbedded  grsnulea  (xnii- 
poaing  the  macula. 
m.  V.  Mvmbranr?  of  germinal  Teaiclc  to  whicb  the  mar.ula  ii  ndherent. 
(Ru.  HoniogoniHTitB  matrii  of  germinal  spot  in  iiliieh  darki;  atainod  graaulci< 
ore  imbedded. 
Dmiiie(«r  of  omm  '468  mUlim.     Magnified  250  diamptere. 
Fig.  3.  Ornninai  ipsir'li'  nnd  germiiml  epot  of  a  verj  aiiinil  omm. 

c.  Central   rleiir  part  of  maoula,      (Diampter  of  orum  ■132  milliin.  j  of 
{;ermin»l  veaicle  Ogl  millim.)     MagoiBed  about  liOO  diameten. 
Fig.  4.  Maculii  germitialiea  of  a  very  «mall  OTum.    (Diameter  of  onun  *la3  millmi,  j 

of  macula  '049  miCim.)     Magnified  400  diainetert. 
Fig.  5.  Smalt  Gnuiliun  foltiolp  with  ovum,  ahowing  two  or  tlirpp  nucleut-tike  oon- 
dcnantions  of  the  ritelluB.      (Diameter  oforum  '3  milliui.)      Magnified 
120  <lian.e1erB. 
Fij;.  6.  SmalliTovum   (:i64milUm.)  than  that  Tvpr««ited  in  fig.  5,  but  morchighlj' 

mn^ifird,  Bhosing  a  coudenealiou,  ir,  of  the  litellitie  iirtirori. 
Fig.  7.  Small  pifi'i!  of  the  wall  of  the  germinnl  Teaiclc  of  a  moderuleljr  siied  OTum 
(107  inillim,,  germinal  Teiicle  '1S5  milhm). 
{«.)   On  the  Hat. 
(/>.)  Seun  in  optii^al  »ertion. 

The  membrane  is  seen  to  have  a  granular  appmranee. 
Fig.  8.  Tec;  Bumll  oiaHan  oTum  (diameter  -II  mimm.)  with  foUicutar  epithclinm, 
^ertninsl  veaiele,  and  germinsil  apnt ;  and  with  a  peculiar  insolMed 
body   in  thj  Titellus,  which  ii  apparcnll}'    th«  remains  of   a  second 
germinal  Teaicle  and  spot  in  proceaa  of  disappearanee. 
Fig.  9.  Part  of  a  9niii,ll  ovum  ('3  millim.)  with  two  pseudo-uueln  in  Tit«IIua 
/.  .',  F.>lliculfir  epithelium. 

y.  Yolk  i'lihrtlatme  forming  ft  networii. 
!l.  r.   rnrt  uf  llie  germioaj  veaiole. 
Fii:-  10.  Sii].i.rii.-iiil  IriTcrs  of  a  comp«mtirelj  large  omm  (1-586  milUm.) 
f.r.   Fiilli.iilnr  epithelium. 

,,,  i>,„f..r„,,,n. 

I.  C'tiiir  siipcr&dal  layer  of  ritellus  ;  II.  Fiuolj  granular  lafOr— ]tt 
gniniiW  are  largest  vrax  tho  Br»t  laj'cr  ;  III.  Whif*  jolk  | 
J\'.  SujTeriieial  part  of  jellow  jolk.  Drawn  nndor  a  magniffbig 
pciu  .T  ut  about  500  diametara. 
V\z.  11.  Kiip'ili.i:,]  juLrl  of  B  alill  larger  OTum  (Z-41roilIim.). 
/  -.    |-nlli.ul!ir  epithelium. 

l-'i^.  12.    rill,  k  Mv-1i^.pi  of  8  compnmlivelj  large  ornm,  showing  the  poculiai 

<'t'    Iil'r>'»    dcH-ribed     in    tlio    text,     Blighllj   mogitified   (.about   l^fl 

Vvi.  1:1.  'I'he  u|i|>er  \inA  of  the  prerioua  figure.     Magnified  40  diamelert. 
l''ii;-.  11 1.1  2(i  UT.-  frtim  seetions  of  mbbila'  otarie*.  _ 

I'll.'.  1 1.  .Sm;dl  t  i  r:i:innn  fallide.  the  follicular  epithelium  forming  B  aingli  U^ar  ^1 
I'Mluunmrcelli. 
i:  p.  IIiTtiiiiiul   Ti>«irle,  the  wall  of  which  seemi  to  be   deficient  tt 

>n    ^liirijln.  iiiiiipoaed  of  B  miaa  of  gnmules,  imbedded  in  ■  fa 

".    \ii.-l.ni..  iti  Ihe  peripherj  of  the  "itellns.     B70  diameter*. 
Fi.;.  1-'    .•';:j].ilMlriLilliiii    Fiylliele,  not  jel   complelely    eiit    off  from   the  rett  o(  tkfli  4 
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"  £i-8chlauch.*'    The  genniiud  leneUe  seems  to  be  connected  bj  fine 
lines  with  two  small  nuclei  at  the  periphery  of  the  yitellus. 

Fig.  16.  Small  Graafian  follicle,  similar  to  that  represented  in  Fig.  14.  At  one  side 
two  nuclei  are  seen  in  the  peripheral  part  of  the  ritellus.  The  area  in 
which  the  J  lie  is  marked  off  bj  a  line  from  the  rest  of  the  yitellus. 
Indistinct  stria  pass  from  here  towards  the  germinal  yesicle.  570 
diameters. 

Fig.  17.  Graafian  follicle,  with  a  complete  inner  layer  of  follicular  epithelium.  This 
differs  markedly  from  the  outer  layer  in  the  appearance  and  arrange- 
ment of  the  cells.  The  irregular  outline  of  the  oTum  is  to  be  re- 
marked.   Drawn  under  a  magnifying  power  of  about  350  diameters. 

Fig.  18.  Small  follicle,  with  single  layer  of  epithelium.  Germinal  Teside  presents  a 
bulging  on  that  side  of  it  which  is  turned  towards  a  nucleus-like  body 
in  the  periphery  of  the  ritellus.  The  figure  is  otherwise  like  figs.  14 
and  16,  but  somewhat  less  magnified. 

Fig.  19.  Small  follicle,  showing  three  cells  in  periphery  of  yitellus.  Magnified  about 
2k)  diameters. 

Fig.  20.  A  Graufian  follicle,  much  further  adyanced  towards  maturity  than  any  of 
those  aboTe  represented.  The  cells  of  the  inner  layer  of  the  follicular 
epithelium  hare  by  this  time  assumed  their  characteristic  columnar 
form  and  radiating  arrangement.  The  macula  germinativa  is,  as  before 
mentioned,  formed  of  a  homogeneous  matrix,  with  dark  granules 
imbedded  in  it.  The  zona  peUmcida  is  now  distinct.  Magnified  570 
diameters. 

Fig.  21.  Small  follicle,  with  OTum.     An   intra-nuclear  network  connects  a  small 

•  germinal  spot  with  the  wall  of  the  yesicle.     The  yitellus  is  in  the  form 

of  a  network  of  filaments.     Magnified  about  200  diameters. 

Fig.  22.  Small  foUicle,  with  outer  layer  of  epithelium  complete  and  a  few  cells  of 
inner  layer  formed  between  this  and  the  oyum.  The  germinal  reside 
contains  three  small  germinal  spots  united  by  a  network.  The  yitellus 
also  exhibits  a  network  of  delicate  filaments.  Magnified  about  450 
diameters. 

Fig.  28  a.  A  small  portion  of  the  zona  ptllucida  of  an  oyum  from  a  large  Ghraafian 
follicle,  together  with  some  of  the  cells  of  the  discus  proUgerus,  which 
are  mixed  with  it.  A  layer  of  granular  substance  is  seen  to  iateryene 
between  these  cells  and  the  outer  surface  of  the  zona,  and  granules 
similar  to  those  of  this  substance  can  be  traced  through  pores  in  the 
fona  into  continuity  with  the  granules  of  the  yitellus.  Drawn  under 
a  power  of  about  750  diameters. 

Fig.  28  b,  Germinal  yesicle  of  an  orum  from  a  large  follicle. 

m.  V.  Membrane  of  yesicle.  The  macnlata  germiuatipa  is  in  the  form  of  a 
number  of  spherical  globules,  one  of  which  is  much  larger  than  the 
rest.    The  remainder  of  the  contents  of  the  yesicle  is  clear. 

Fig.  24.  A  row  of  four  sonralled  *'  nests  "  from  near  the  surface  of  the  oyary  of  a 
young  rabbit.  The  egg-cell  has  not  yet  increased  in  size  beyond  the 
other  cells  of  the  nest.     Magnified  about  450  diameters. 

Figs.  25  and  26.  Two  yery  small  foUiclee,  with  young  oya.  In  fig.  26  two  germinal 
yesicles  are  seen.  From  the  same  OTary  and  magnified  to  the  same 
extent  as  fig.  24. 

Fifi.  27  to  36  are  from  sections  of  the  bitch's  oyary. 

27,  28,  and  29  represent  small  Graafian  follicles,  containing  young  oya.  In 
each  the  germinal  yesicle  is  seen  to  contain  an  intra-resicular  net- 
work, and  the  yitellus  is  collected  into  a  patch  which  is  in  contact 
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Fig.  2.  Germinal  spot  of  nnall  orom  ahowing  matrix  and  imbedded  gnniilea  lyim-     1 
posing  the  nineuU.  ^^ 

i».  r.  MeaibrBDC  of  germiiial  *Miole  to  whioli  die  laocula  i*  adherent. 
ma,  HomogcDPOiis  matrix  uf  germinal  spot  in  which  darkly  stainsd  gntnulee 
are  imbpddod. 
Diameter  of  OTum  -iSS  millim.     Modified  250  diameten.  , 

Fig.  3.  Germinal  reside  and  gernitnol  epol  of  a  terj  sniail  onim. 

e.  Central  cl*ar  part  ni  hibouIb.      CDiameler  of  oTiim  'IBS  millim.  ;  of 
Cvrminal  iMicle  054  millim.)      MugnlRed  about  600  diani^lert. 
Fig.  4.  Manila  i/frmiiiaHva  of  a  terj  small  OTum.    (Diameter  of  OTum  '132  milliin.  j 

of  muciiU  '049  miEim.)      Magnified  *00  diameters. 
Fig.  5.  Small  Granfian  follicle  vith  ovum,  nhowing  two  or  three  nncloui-Uke  mn- 
densationi  of  the  vitellus.     (Diamelcr  of  ovum  -3  millim.)     lAagoHiei 
120  diameters. 
Fig.  a.  Smaller  orum  (264  millim.)  than  tlint  repnwented  in  fig.  5,  but  mniw  MgU; 

mngnifiod,  showing  a  condansatiou.  c,  of  tlie  Til^lline  network. 
Fig.  7.  Small  piece  of  the  wall  of  the  germinal  reside  of  a  moderately  nied  otina 
(107  roillim,,  germinal  yesido  195  millim). 
(n.)  On  the  flat. 
(A.)  Seen  in  optical  •ectioa. 

Tbc  membrane  is  seen  to  bare  a  granulBr  appearance. 
Fig.  8.  Verj  snmll  ovarian  ovum    (diameter  -11  millim,)  with  follioulsr 
pemiinal  reiiele,  and  germinol  spot ;  and  with  a  pecuUa 
boil}    in  ths  vitelluB,  which  is  ajiparentl;    the  remains  of   a  (oWDil 
giTininal  vesicli!  aod  spot  in  process  of  disappearance. 
Fig.  0,  Part  of  ii  aniall  ovum  ('3  millim.)  with  two  pseudo-nuelei  in  vitflUu*. 
/,  f.   K»lliciil.ir^pilbeUum. 

.V.  Volk  »ub.^Liiuee  forming  a  i»tB-ot4. 
•J.  •-.   I'art  of  l.liB  gBrmiual  veaide. 
I'ig.  10.  Su[H'rfir'ial  layers  of  a  eomparatirclv  large  ovum  (1*586  mtllim.) 
/.  e.  Follicular  epithelium. 
p,  Pvrifurra  cell. 

1.  Ctmr  superficial  layer  of  vit-cllu!  ;  II.  Finely  granular  Ujm— iU- 
griiTiiilr^  are  largest  near  tbo  first  layer;  III.  WTiitB  yolk) 
IV.  Superficial  part  of  yellow  yolk.  Drawn  under  a  mgaUyiOf^ 
piiiicr  of  about  500  diametera. 
Fi-  11,  Siii...rli.>inl  part  of  a  stil!  larger  OTuro  (2-4 1  milliin.). 
/.  ' ,  Fiillii^nlnr  epithelium, 

Fiii.  12.  'liiii'k  w^-Ii.iii  of  a  comjiiirutitelj  large  ovnm,  showing  the  pecidjn 

of    liUrcs    d<>seribed     in    the    t«it.      Slightly   magniGed    (ktxwt 

Fi;.  i:t,  'llii>  ii]^jh-r  jiiirl.  of  the  previous  figure.     Magnified  40  di»met«r». 
l''ii;^.  1 1  til  2Ci  ;iri'  fmni  seclious  of  rabbila'  ovftrieii. 

I'i;;.  11,  Small  liraafian  tollide,  the  follicular  epithelium  forming  a  single  WjfT  1 
.'.iliniinnrfelU. 
r.  II.  (leriiiiiiiil   reiicie,  the  wkU  of  which  se^mB   to  be  dofidatit  •(  I 
|Mi-(, 
m.  M:nLil:i.  eomposod  of  a  mass  oX  granules,  imbedded  in  •  b 


-111  in  the  peripbety  of  the  vitellus. 

luifiiij   fullicle,  not  yet  completely   cut   off  from  th*  nat  bf  11 
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"  £i-schlauch.*'    The  germinal  Tesiole  seema  to  be  connected  by  fine 
lines  with  two  small  nuclei  at  the  peripherj  of  the  ritellus. 

Fig.  16.  Small  Graafian  follicle,  similar  to  that  represented  in  Fig.  14.  At  one  side 
two  nuclei  are  seen  in  the  peripheral  part  of  the  ritellus.  The  area  in 
which  the  J  lie  is  marked  off  bj  a  line  from  the  rest  of  the  yitellus. 
Indistinct  strife  pass  from  here  towards  the  germinal  vesicle.  570 
diameters. 

Fig.  17.  Graafian  follicle,  with  a  complete  inner  lajer  of  follicular  epithelium.    This 
differs  markedly  from  the  outer  layer  in  the  appearance  and  arrange- 
ment of  the  cells.    The  irregular  outline  of  the  OTum  is  to  be  re«  ^ 
marked.    Drawn  under  a  magnifying  power  of  about  350  diameters. 

Fig.  18.  Small  follicle,  with  single  layer  of  epithelium.  Germinal  vesicle  presents  a 
bulging  on  that  side  of  it  which  is  turned  towards  a  nucleus-like  body 
in  the  periphery  of  the  vitellus.  The  figure  is  otherwise  like  figs.  14 
and  16,  but  somewhat  less  magnified. 

Fig.  19.  Small  follicle,  showing  three  cells  in  periphery  of  vitellus.  Magnified  about 
240  diameters. 

Fig.  20.  A  Graufian  follicle,  much  further  advanced  towards  maturity  than  any  of 
those  above  represented.  The  cells  of  the  inner  layer  of  the  follicular 
epithelium  have  by  this  time  assumed  their  characteristic  columnar 
form  and  radiating  arrangement.  The  macula  germinativa  is,  as  before 
mentioned,  formed  of  a  homogeneous  matrix,  with  dark  granules 
imbedded  in  it.  The  zona  jpellmcida  is  now  distinct.  Magnified  570 
diameters. 

Fig.  21.  Small  follicle,  with  ovum.  An  intra-nuclear  network  connects  a  small 
germinal  spot  with  the  wall  of  the  vesicle.  The  vitellus  is  in  the  form 
of  a  network  of  filaments.     Magnified  about  200  diameters. 

Fig.  22.  Small  follicle,  with  outer  layer  of  epithelium  complete  and  a  few  cells  of 
inner  layer  formed  between  this  and  the  ovum.  The  germinal  vesicle 
contains  three  small  germinal  spots  united  by  a  network.  The  vitellus 
also  exhibits  a  network  of  delicate  filaments.  Magnified  about  450 
diameters. 

Fig.  28  «.  A  small  portion  of  the  tona  pellucida  of  an  ovum  from  a  large  Ghraafian 
follicle,  together  with  some  of  the  cells  of  the  discus  proUgerus,  which 
are  mixed  with  it.  A  layer  of  granular  substance  is  seen  to  intervene 
between  these  cells  and  the  outer  surface  of  the  zona,  and  granules 
similar  to  those  of  this  substance  can  be  traced  through  pores  in  the 
lona  into  continuity  with  the  granules  of  the  vitellus.  Drawn  under 
a  power  of  about  750  diameters. 

Fig.  28  h.  Germinal  vesicle  of  an  ovum  from  a  large  follicle. 

as.  V.  Membrane  of  vesicle.  The  maculmta  germiuativa  is  in  the  form  of  a 
number  of  spherical  globules,  one  of  which  is  much  larger  than  the 
rest.    The  remainder  of  the  contents  of  the  vesicle  is  clear. 

Fig.  24.  A  row  of  four  so-called  **  nests  "  from  near  the  surface  of  the  ovary  of  a 
young  rabbit.  The  egg-cell  has  not  yet  increased  in  size  beyond  the 
other  cells  of  the  nest.     Magnified  about  450  diameters. 

Figs.  25  and  26.  Two  very  small  follicles,  with  young  ova.  In  fig.  26  two  germinsl 
vesicles  are  seen.  From  the  same  ovary  and  magnified  to  the  same 
extent  as  fig.  24. 

Figs.  27  to  35  are  from  sections  of  the  bitch's  ovary. 

Figs.  27,  28,  and  29  represent  small  Graafian  follicles,  containing  young  ova.  In 
each  the  germinal  vesicle  is  seen  to  contain  an  intra* vesicular  net- 
woriE,  and  the  vitellus  is  collected  into  a  patch  which  is  in  contact 
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witli  the  gpnniniil  rMJoLp,  ttnd  ia  eoaneeWd  with  the  prripbcry  of  l.hn 
ovum  by  nunified  ollu't*. 
Tin.  30.  Se<-(ion  of  nuporlicial  part  of  ot&fj  of  a  hit«)i  pu|>,  oighlefn  daji  oldi  ibon- 
ing  gland-like  oonneiion  of  ^g-tuba«  with  the  lurfaca  of  th*  ofmrj. 

Fig.  31.  From  aiiatlier  section  of  the  aanie  orarj,  showing  more  ohliqiM  conMSion 

of  r^^g-tuhps  with  the  aurfaoe. 
0.  t.  OTurial  cjiit helium.     Stroma  not  reprcBectei], 
Fig.  'Si.    From  DnuthEir  part,  ahowing  two  other  of  the  glauil-lik?  counctions  cut 

acriHs  and  obliqutlj.  . 

I'lfi.  33.  A  Ter;  uhtiquo  ronneiion,  ciit  longitudinaUj, 
Fii;.  34,  Su'ction  of  miperfioial  pari  oJ  OTory  of  a  young  hitrh,  almost  full-grown, 

eliOH-ing  aomo  of  the  ovarial   glands   (connciions  of   egg-tiilwa  with 

mirfnoe  of  oior;).    Cut  across  and  obliquely. 
I'ig.  35.  A  [lecnliar  cunrulut«d  tube  from  the  di»])er  part  of  the  u,tae  ovary,  nltnost 

tilled  with  long,  tapering  (.-olumuar  cells. 
a.  Either  the  «ame  or  a  similar  tube,  cut  aurosB. 


.  ■'  Ufsoar'lii'w  into  the  Colouring  Matters  of  Human 
witli  ;iii  Aii.'ouiit  of  the  Separation  of  Urobilin."  By  C.  Ar 
MAcM^N^^  B.A,,  M.D.  Uominunicated  by.  A.  GamoM,' 
-M.l>.,  F.H.S..  Brackenbury  Profeesor  of  Practical  PhynOt^ 
!n;;y  !iii(l  llintology  ill  OweDS  College,  Mancbesttr.  Be- 
.vivvil  Ahin-h  fi.  18W. 

(Abstract.) 

11  tills  p;ijK'raii  account  of  the  spectroscopic  and  chernicaJ  chAractOM 
lU'iiblliii  is  trivi'n.      Urobilin  is  ft  pigment  which  has  been  ttiH^oaed 
n  of  the  apectrosco[te,  and  wliich  has  not  been  hitherto 


f.l. 


If  it-i  ihsrovLTy  in  urine  a  pigment  had  Ireen  obtained  by  JaffS 
il;  III!  luiniiin  bile  with  nitric  acid,  and  on  dog's  bile  with  hydro- 
;ii'id,  iiiul  subsequent  treatment,  which  in  aolntion  gave  thfl 

liiii;   ui'iibiliii.     By  an   examination   of   the   bile   of  seventoea 

s,  I  liiLvtJ  .shimn  that  it  is  present  as  saoh  in  the  bile  of  all  them, 

irrruic'st  abiiniiance  in  the  bile  of  the  mouse  ;  and  the  results  ars 

ird  ill  ilif  piipcr,  while  the  spectra  are  shown  in  Chart  II. 

11'  itlsi)  NlioH'n  that  haman  nrine  always  gives  an    absorption 

ii  1'',  wliii'k  almost  always  is  aflectfil   in  the  same  manner  by 

lis  till'  pigment  got  by  JaQ^  from  bile,  and   that  it'  this  band  ill 

tiDwtcd   another   pigment   callod   nmltitoin  is   present,    which  I 

If  ami  have  mapped  in  Chart  I. 

,ve  sncci't'ded  in  isolating  urobilin  by  the  following  methodi-^ 

.'  pnicured  some  nrins  which  by  preliminary  apectroscoptc. 
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chemical  tests  showed  a  large  amount  of  urobilin,  it  was  precipitated  by 
neatral  and  basic  lead  acetate  respectively,  and  filtered ;  if  the  filtrate 
gave  an  absorption  spectrum,  it  was  re-precipitated  until  the  band  disap* 
peared,  the  precipitates  were  united,  extracted  with  alcohol  acidulated 
either  with  hydrochloric  or  sulphuric  acid,  aud  filtered.  The  filtrate  was 
of  a  fine  red  colour,  giving  the  dark  band  at  F.  This  fluid,  in  small 
quantities  at  a  time,  was  put  into  a  separating  funnel,  a  large  quantity 
of  water  added  and  then  pure  chloroform,  the  whole  repeatedly 
shaken  and  then  allowed  to  stand.  The  red  chloroform  layer  was 
separated  off  and  filtered,  when  it  was  again  examined  and  found  to 
give  in  every  instance  the  original  spectrum ; '  the  chloroform  was  now 
evaporated  off  and  the  residue  repeatedly  dissolved  in  chloroform, 
finally  on  evaporation  a  brown-red,  amorphous,  shiny  residue  was  ob- 
tained, which  was  perfectly  soluble  in  alcohol,  chloroform,  nitric  acid, 
hydrochloric  acid,  acetic  acid,  lactic  acid,  acidulated  water,  and  partly 
soluble  in  ether,  in  water,  and  in  benzol,  but  quite  insoluble  in  bisul- 
phide of  carbon.  I  fully  describe  the  spectra  of  the  various  solu- 
tions, which  are  shown  in  Chart  I,  aud  it  will  be  seen  that  the  same 
pigment  was  present  in  every  solution,  and  since  by  the  action  of 
different  solvents  and  reagents,  this  pigment  could  not  be  separated 
into  more  than  one,  I  conclude  that  pure  urobilin  was  obtained  and 
urobilin  only.  I  have  also  endeavoured  to  show  that  the  pigment  ob- 
tained was  in  combination  with  the  sulphuric  acid,  when  prepared  by  the 
sulphuric  acid  method,  as  it  was  found  to  contain  solphur,  in  addition 
to  carbon,  hydrogen,  oxygen  and  nitrogen,  which  was  absent  and 
replaced  by  chlorine  when  it  was  prepared  by  the  hydrochloric  acid 
method.  The  conclusions  which  this  research  led  me  to  form  were  as 
follows  : — 

1.  That  urobilin  had  been  separated  from  urine. 

2.  That  by  the  treatment  adopted  it  had  been  separated  in  combi- 
nation with  hydrochloric  and  sulphuric  acid  respectively. 

3.  That  the  spectra  of  solutions  of  urobilin  obtained  by  these 
methods  respectively  difier  in  the  position  of  certain  feeble  bands,  but 
agree  in  all  possessing  a  black  band  at  F,  which  can  be  made  to  disap- 
pear by  ammonia  in  excess,  and  which  is  replaced  by  another  band 
nearer  the  red  end  of  the  spectrum  on  the  addition  of  sodic  hydrate. 

4.  Urobilin  is  an  amorphous  brownish-red  pigment,  which  ctmtains 
carbon,  oxygen,  hydrogen  and  nitrogen.  It  is  soluble  in  alcohol, 
chloroform,  acidulated  water,  and  acids;  partially  in  ether,  Iwnzol.  anil 
water,  i.e.,  if  the  pigment  be  separated  in  combination  with  hydro- 
(;hJoric  or  sulphuric  acid. 

5.  Urobilin  appears  capable  of  existing  in  different  states  of  oxiila- 
tion. 

6.  It  is  derived  from  one  of  the  colourinjj-matter.-^  of  bile. 

7.  It  appears  to  be  the  colouring- matter  of  the  bile  of  the  mouse*. 


■i:yl  Jlr.  P.  Oeddes.      On  the  Coale^eenee  of         [Mar.  18, 

Ijike  hmmoplobia  and  htematin,  arobilin  appears  to  be  a  very  nnstable 
bnily,  wliich  easily  splits  up  on  treatment  with  reagents  into  decom- 
position products,  each  giving  a  peonliar  spectrum. 


[II,  "Oil  the  Ciialcecenceof  Araceboid  Cells  into  Plasmodia, and 
on  tliL-  No-called  Coagulation  of  Invertebriitt'  Fluids."  By 
P.  (ii:di>es.  Commmiicated  by  FrofeBsor  BUBDON  SanDEB- 
soN.  l''.H.S.     Keceived  March  13,  1880. 

[Plate  5.] 

Wlii-tlier  one  collects  tbo  perivisceral  flnid  of  a  sea-urchin  or  of  a 
worm,  or  tlii;  blood  of  n  crustacean  or  a  moUasc,  the  name  phenomenon 
is  iilways  more  or  less  distinctly  to  be  observed,  A  kind  of  coagTilation 
takes  place,  the  fluid  separating  sooner  or  later  into  two  portions,  nhioti 
have  cons  i  derail  I  e  superficial  resemblance  to  the  clot  and  aernm  of 
vcftfbriito  blood. 

It  is  ciisy  to  wntch  the  fonaation  of  the  clot  by  placing  a  drop  of 
fii!sli-<lr:i«n  tliiiil  upon  a  oover-glaas  and  inverting  this  above  a  glass 
ix-11,  of  ivhicli  the  t'dge  is  oiled  to  prevent  evaporation.  The  drop 
tlin^  Imuiis  freolv  and  the  coagulation  can  go  on  without  interference. 

The  plicnonicna  obKerved  in  varions  invertebrates  are  best  undor> 
^tood  l>v  ri^ffi'onco  (o  tlie  plate.  Fig.  1  represents  some  of  the  gronpa 
into  wliirli  the  iimieboid  corpuscles  of  the  perivisceml  flnid  of  the 
.■.irtliHEii-ni  niu  immediately  after  drawing.  In  fig.  2  we  have  a  tow 
Eirijaccut  I'ovjmsclrs  from  the  g-ill  of  Pltolag;  in  fig.  3  they  are  com- 
miriiiti^'-  to  aiiliiTo;  in  ■t  and  5  their  adlienion  is  complete;  in  fig.  6 
(lii'V  luivr  iill  lull  completely  merged  into  one  mass,  which  is  about  to 
:ilisorli  a  tic»-c<'incf;  in  figs.  H  and  il  the  maas  is  now  completflly 
liotjiou'i'JiiMiw,  is  littering  its  form  and  throwing  out  psendopodia  in  all 
ilii-i-r'iioii.s.  l-'if.'s,  \<>  — 12  represent  the  similar  union  of  coi-puBclea  of 
l;>''ll:,.  rind  liL'^.  1:1.  1 4  those  of  BucciB«»i, 

111  /'.I  ,",('•  ill..  rdfpum^lcH  lire  of  two  very  markedly  different  kinds, 
llii>  ciint-JcK  iiTiil  the  ("iur-ly  granular.  The  former  are  ranch  elongated 
wlii'ii  IVrshly  drawn,  but  mpidly  become  oat-  or  egg-shnped,  and  thwi 
ilii'iiiv  inii  lilrnii  |wcudopodia  from  any  part  of  their  surface.  Tfaess 
s1iil:<  s  HIT  i'i>|irr~ftitid  in  fi[j.  15.  The  finely  granular  corpnaclos, 
ilrinvii  si'tniniirly  iit  fig.  16,  send  ont  filamentouH  psendopodia,  and 
iil'mc  pii-^rsj  till'  [loiver  of  union,  it'ig.  17  representa  a  small  clot, 
lijrmcd  U\-  (lii>  union  of  the  finely  granular  corpuscles,  and  containing 
:i  imiiiiicr  nf  i-oiirwly  granular  corpuscles,  which  do  not  merge  into  the 
-'iriiHiiidiiiL'  nniss.  The  large  pseu  do  pod  iai  proceaa  of  hyaline  coto> 
]<hi-iii  <m  tin'  lift  i>r  (he  figure  is  worthy  of  notice. 

I'i.;-..  1-^— ii  show  the  anion  of  five  of  the  finely  ^rannlar  corpnsolei 


1880.]  AmcBbaid  Cells  into  Plamodioy  ^c.  253 

of  the  common  shoi^e-crab  (Oardn'us  mmnas).  Fig.  24  represents  a 
few  of  both  kinds  of  corpuscles  of  Oancer  Pagurus,  and  6g.  25  a  small 
clot  formed  bj  the  union  of  the  finely  granular  corpuscles.  In  fig.  26 
are  represented  some  of  the  corpuscles  of  the  common  starfish  (Astera- 
canthion  vulgare),  showing  the  curious  looped  pseudopodia  usual 
among  the  Echinoderms.  Figs.  27  and  28  are  successive  drawings  of 
a  group  of  uniting  corpuscles  from  the  same  preparation.  As  in 
fig.  17,  the  development  of  large  pseudopodia  from  the  completely 
fused  mass  is  evident. 

But  it  is  among  the  Echinoidea*  that  the  phenomena  of  corpuscular 
fusion  occur  on  the  most  extraordinary  scale.  A  good  specimen  of 
Eehifttu  sph(Bra  furnishes  perivisceral  fluid  enongh  to  fill  an  ordinary 
tumbler.  The  fluid  is  at  first  homogeneous  and  of  a  uniform  pinkish 
grey  tint,  but  rapidly  becomes  cloudy.  The  cloud  contracts  constantly, 
and  so  becomes  gradually  darker  and  of  more  defined  form,  and  in 
the  course  of  a  few  hours  shrinks  into  a  small  brown  pellet.  When  a 
drop  of  this  fresh  fluid  is  examined  in  the  moist  chamber,  it  is  seen  to 
contain,  in  addition  to  its  coloured  amoeboid  corpuscles,  the  same  two 
types  of  colourless  corpuscles,  the  coarsely  and  the  finely  granular,  as 
have  just  been  described  in  Pagurus  (figs.  15  and  16).  Here  too  the 
dot  is  entirely  due  to  the  union  of  the  finely  granular  corpuscles,  which 
almost  instantly  ran  into  small  heaps,  these  into  larger,  and  larger 
ones,  and  so  on  until  we  have  a  vast  ama3boid  mass,  which  rapidly 
differentiates  into  ondoplasni  and  ectoplasm,  the  former  containing  the 
nuclei  and  granules  of  the  constituent  corpuscles,  and  the  latter,  pro- 
duced by  the  union  of  their  hyaline  ectoplasm,  forming  a  broad  clear 
margin,  and  sending  out  pseudopodia,  sometimes  blunt,  but  usually  fila- 
mentous. These  pseudopodia  frequently  run  out  over  such  distances 
that  an  adequate  idea  of  their  exti*aordinary  size  could  scarcely  be 
given  within  the  limits  of  the  entire  plate. 

The  resemblance  of  all  these  cases  of  the  fusion  of  amoeboid  cells 
taken  from  so  many  types  of  Invertebrata  is  too  close  to  be  accidental. 
All  the  evidence  points  to  the  conclusion  that  the  clot  which  appears 
in  any  invertebrate  corpusculate  fluid  is  formed,  always  partly,  and 
sometimes  wholly,  by  the  fusion  of  the  finely  granular  amoeboid 
corpuscles  therein  suspended,  f  Thus,  while  the  blood  of  a  lobster  is 
still  capable  of  clotting  after  removal  of  the  corpuscles  by  filtration 
(Fr6d6ricq),  the  perivisceral  fluid  of  a  sea-urchin  is  not. 

*  A  dotaUed  aooount  of  the  corpuscles  of  Echinus^  JLc.,  will  shortly  appear  in  tho 
^  ArohivM  de  2«oologie  Eiporinxentale." 

t  With  regard  to  the  amcjeboid  corpuscles  of  vertebrates,  I  hare  not  jet  been  able 
to  make  anj  satisfactory  obserrations.  Ziegler  has  concluded  from  hia  researches 
on  the  formation  of  giant  colls  in  exudation  liquids  (Exp.  Untersuch.  ueber  d. 
Ilerkonft  d.  Tuberkeelmente,  &c.,  W&rzburg,  1875)  that  a  cualeecencc  of  amaboid 
cells  doei  actuallj  sometimes  take  place. 


S?.)4     On  (''oiifes<:eitce  of  Amteboid  Culli  into  Plasmodia.     [Mar.  IK 

It  is  impossible  to  avoid  comparing  the  above- described  unionB  of 
iinicoboiii  cells  with  those  occurring  in  the  ordinary  life-iiifltory  of  tho 
ilyxom_vcotc9,*  and  the  resemblance  ie  ao  complete  that  it  Beema  not 
Duly  convenient,  but  iiocesaary  to  eitend  the  term  plasiiiodium  to  the 

The  formation  of  plasmodia  was  at  first  suppoaed  to  be  peculiar  to 
the  Myxoinycetes,  but  several  Rhizopods  (MierogTomia,  lihtiphidiophTys, 
riioiiei-ij'i/rs,  &c.)  have  been  described,  in  which  a  more  or  leae  oom- 
plete  ci'il-fusion  has  been  obserred,  or  porbapa,  as  I  am  disposed  lo 
think,  cell-fusion  has  been  more  or  less  completely  observed. 

Aft*r  compai'ing  the  deBcriptions  and  drawings  of  these  formsf  (see 
Buck's  tiijures  of  rknnergates,  copied  in  the  Phito,  figs.  30—33)  with 
those  of  uniting  corpuscles  already  given,  the  identity  of  the  process 
lit  coalescoricf  in  the  two  cases  with  each  other,  and  with  that  of  H. 
.MyxonivLvtt',  will  be  Bufficiently  obpiouR. 

Finally,  although  much  farther  observation  is  desirable,  alike  npnn 
the  undifferentinted  tolls  of  Vertebrates  and  Invertebrates,  and  apou 
tlie  lau'ent  plants  and  animals,  it  may  ho  snfcly  asserted  thiit  all  tho 
i-vidonee  we  jiosscsa  points  to  tho  conclusion  that  the  power  of 
I'oalescinp  H-itli  its  fellows,  nnder  favourable  circumatances,  to  form  a  , 
]ilasraodium,  is  at  any  rate  a  very  widely -spread,  if  not  a  general  pro-' 
pcrty  of  the  ania-bnid  cell. 

Tlic  observations  were  chiefly  made  last  summer  at  the  ScottiBh 
Zixilo<ric-al  Station  at  Stonehaven. 


EXPLANATIOS  OF  THE  PLATK. 
-  [)f  pirivisceral  fluid  of  Lumbrieiu  Itrriilrit  ramniBining  Ui 

suciTSsive  dpuringn  of  the  «ani(!  group  of  corpiin-lps  {Phulan) . 
lull  iif  );")up  of  (.■orpusiJes  {Patrtla  rvlgala). 
i.>Ti  of  ^rimp  of  mrpOBcles  (fiuennmn  andatum) . 

Kniiiuliir  eorpunplo)  (Payrnu  Bernhardui). 

-.iiiiiliir  nirpusclpc  of  Bsme  KDimal,  \ 

:i-iiii>iliiiiu   (PofiarHi  Bernhardui)    formed   from   flnely  pwtVlBf 
K'Ir.-,  and  poutsiiiiiig  geTeral   cuanely  grunular  oirpiUDliM  in  ill' 

Lull  I'f  crou[i  of  fforpuicW  {Carcinm  3Ianat). 

'  riiruvflv  ami  ilnely  granular  corpincle*  of  Caneer  Fagiinm. 

liMl".„kuf  Bolniij."  DoBarj.    "DiL.  MtocloiooHs;' 

,  \    1m;[|, 

■■  l",luT  itirroffrontia toeialit.taar  Colonic  bildende  MomthalaOil*    ] 

I-.,-      ■'  Ari'Iiir.  f.  Mikro.,  An«l."     Bd,  X.     Tof.  1.      1M7*. 

■'  I'l'tHTeinige  Rhitopoden  nnd  Tmrandte  OrgnniMin-n."  "AmUtJ 

Hd.  .VII.     1B76. 
i>l<!<.'  Kliiiopoileni'tiidini."     "  ZviUoh.  f.  Wim.  Zuul."    Bd.  XXX; 
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Fig.  25.  Plasmodium  {Cancer  Pagurus). 

Fig.  26.  Corpuscles  of  Atteracanthion  wlgare,  freshly  drawn. 

Figs.  27 — 28.  Union  of  a  group  of  corpuscles  of  Asterticanthion  vulgare. 

Fig.  29.  Portion  of  a  plasmodium  produced  by  the  union  of  the  finely  granular 
corpuscles  of  Echinus  sphara,  showing  distinct  endoplasm  containing 
the  coarsely  granular  and  the  coloured  corpuscles,  and  ectoplasm  sending 
out  filamentous  pseudopodia,  which  unite  with  those  of  free  corpuscles. 

Figs.  30—33.  Phonergates  vorax,  from  **  Zeitsch.  f.  Wiss.  Zool."     Bd.  XXX.  1878. 
Taf.  II,  figs.  64-57. 
All  the  figures  drawn  with  Verick,  Oc.  2,  Obj.  7. 


1 V.  "  On  the  Analytical  Expressions  which  give  the  History  of 
a  Fluid  Planet  of  Small  Viscosity,  attended  by  a  Single 
Satellite."  By  G.  H.  Darwin,  F.R.S.  Received  March  6, 
1880. 

In  a  series  of  papers  read  from  time  to  time  during  the  past  two 
years  before  the  Royal  Society,  I  have  investigated  the  theory  of  the 
tides  raised  in  a  rotating  viscous  spheroid,  or  planet,  by  an  attendant 
satellite,  and  have  also  considered  the  secular  changes  in  the  rotation 
of  the  planet,  and  in  the  revolution  of  the  satellite.  Those  investi- 
gations were  intended  to  be  especially  applicable  to  the  case  of  the 
earth  and  moon,  but  the  friction  of  the  solar  tides  was  found  to  be  a 
factor  of  importance,  so  that  in  a  large  part  of  those  papers  it  became 
necessary  to  conceive  the  planet  as  attended  by  two  satellites. 

The  differential  equations  which  gave  the  secular  changes  in  the. 
system  were  rendered  very  complex  by  the  introduction  of  solar 
disturbance,  and  I  was  unable  to  integrate  them  analytically ;  the 
equations  were  accordingly  treated  by  a  method  of  numerical  quadra- 
tures, in  which  all  the  data  were  taken  from  the  earth,  moon,  and 
sun.  This  numerical  treatment  did  not  permit  an  insight  into  all  the 
various  effects  which  might  result  from  frictional  tides,  and  an  analy- 
tical solution,  applicable  to  any  planet  and  satellite,  is  desirable. 

In  the  present  paper  such  an  analytical  solution  is  found,  and  is 
interpreted  graphically.  But  the  problem  is  considered  from  a  point 
«)f  view  which  is  at  once  more  special  and  more  general  than  that  of 
the  previous  papers. 

The  point  of  view  is  more  general  in  that  the  planet  may  here  be 
conceived  to  have  any  density  and  mass  whatever,  and  to  be  rotating 
with  any  angular  velocity,  provided  that  the  ellipticity  of  figure  is  not 
large,  and  that  the  satellite  may  have  any  mass,  and  may  be  revolving 
about  its  planet,  either  consentaneously  with  or  adversely  to  the  plane- 
tary rotation.  On  the  other  hand,  the  problem  here  considered  is 
more  special  in  that  the  planet  is  supposed  to  be  a  spheroid  of  fluid  of 
small  viscosity ;  that  the  obliquity  of  the  planet's  equator,  the  inclina- 


^ 
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Fig.  25.  Plasmodium  {Caneer  Pitgnma), 

Fig.  26.  Corpuscles  of  Aateraeanthiom  vulgare,  freshly  drawn. 

Figs.  27 — 28.  Union  of  a  group  of  corpuscles  of  Aatereieatithiom  rulgare. 

Fig.  29.  Portion  of  a  plasmodium  produced  by  the  union  of  the  finely  granular 
corpuscles  of  Schinut  sphara,  showing  distinct  endoplasm  containing 
the  coarsely  granular  and  the  coloured  corpuscles,  and  ectoplasm  sending 
out  filamentous  pseudopodia,  which  unite  with  those  of  free  corpuscles. 

Figs.  80—33.  Phonergatea  vwrax,  from  "  Zeitsch.  f.  Wiss.  Zool."     Bd.  XXX.  1878. 
Taf.  II,  figs.  64-67. 
All  the  figures  drawn  with  Verick,  Oc.  2,  Obj.  7. 


IV.  **Oii  the  Analytical  Expressions  which  give  the  History  of 
a  Fluid  Planet  of  Small  Viscosity,  attended  by  a  Single 
Satelhte/'  By  G.  H.  Darwin,  F.U.S.  Received  March  6, 
1880. 

In  a  series  of  papers  read  from  time  to  time  daring  the  past  two 
years  before  the  Royal  Society,  I  have  investigated  the  theory  of  the 
tides  raised  in  a  rotating  viscoas  spheroid,  or  planet,  by  an  attendant 
satellite,  and  have  also  considered  the  secular  changes  in  the  rotation 
of  the  planet,  and  in  the  revolution  of  the  satellite.  Those  investi- 
gations were  intended  to  be  especially  applicable  to  the  case  of  the 
earth  and  moon,  bat  the  friction  of  the  solar  tides  was  found  to  be  a 
factor  of  importance,  so  that  in  a  large  part  of  those  papers  it  became 
necessary  to  conceive  the  planet  as  attended  by  two  satellites. 

The  differential  eqaations  which  gave  the  secular  changes  in  the- 
system  were  rendered  very  complex  by  the  introduction  of  solar 
<listarbance,  and  I  was  anable  to  integrate  them  analytically ;  th*^ 
equations  were  accordingly  treated  by  a  method  of  numerical  quadra- 
tures, in  which  all  the  data  were  taken  from  the  earth,  moon,  and 
sun.  This  numerical  treatment  did  not  permit  an  insight  into  all  the 
various  effects  which  might  result  from  frictional  tides,  and  an  analy- 
tical solution,  applicable  to  any  planet  and  satellite,  is  desirable. 

In  the  present  paper  such  an  analytical  solution  is  found,  and  is 
interpreted  graphically.  But  the  problem  is  considered  from  a  point 
of  view  which  is  at  once  more  special  and  more  general  than  that  of 
the  previous  papers. 

The  point  of  view  is  more  general  in  that  the  planet  may  here  be 
conceived  to  have  any  density  and  mass  whatever,  and  t4)  be  rotating 
with  any  angular  velocity,  provided  that  the  ellipticity  of  figure  is  not 
large,  and  that  the  satellite  may  have  any  mass,  and  may  be  revolving 
about  its  planet,  either  consentaneously  with  or  adversely  to  the  plane- 
t.iry  rotation.  On  the  other  hand,  the  problem  here  considered  is 
more  special  in  that  the  planet  is  supposed  to  be  a  spheroid  of  fluid  of 
small  viscosity ;  that  the  obliquity  of  the  planet *s  equator,  the  inclina- 


2.;l>  Jar.  18, 

tion  and  tlie  ccccntficity  of  si  enem  art) 

trenled  an  bi'in^  small,  and,  ilanet  is 

only  attendeil  by  a.  single  Si 

The  Hutellite  itself  e  particle,  and  the  planet 

is  8up|K)scd  to  be  homo    ^neo 

Tlio  iiiitatiun  adoptea  is       de  lt  as  possible  with  that  of 

a  pi'evious  piipei',  in  which  the  treated  fi-om  a,  similarly 

gcnenil  point  of  view,  but  w  it  *       i         >sed  that  the  equator  and 

oi'bit  wiTu  oi>-i)lannr,  and  the  o      t      o  circular." 

The  niutiuii  of  the  system  is  :  i  invariable  plane,  that  is, 

to  the  plane  of  maximum  moment  of  mo  iim. 

The  fiilliiwing  is  the  notation  i  : — 

For  the  pliiiiet:— 

M  =  niiiss ;  it  —  mean  radius ;  3  ^  mean  pure  gravity ;  C  =  moment 
of  inertia  (neglecting  eilipticity  of  fignrej  ;  n  =  angular  velocity  of 
nitiition;  (  —  i>\jli<piity  of  equator  to  invariable  plane,  considered  au 
fiuiull;  2  =  I'l  ''. 

For  tlies:aoHite:— 

III  =  ni!i>,s ;  f  =  nieiin  distance  ',0^1  ,  motion  ;  e  ^  eccentricity 
of  oi-bit,  t'onriiilered  as  small  ;  J  =        1  1  of  orbit,  considered   08 

sniiill ;  T  =  ?.iii/'-'\  where  hi  is  mei  1  astronomical  unit. 

tor  l>..th  l..i,'ellier:  — 

1-  =  M/m,  Ihenilii.  of  the  maseeB;  *=  '[(3i'/3)Hl  +  *')]^;  *  =  the 
risnlliinl  niEjiiient  nf  momentum  of  the  whole  system  ;  E  =  the  whole 
eiieri.M.  Imtli  kinetic  iind  potential,  of  the  sji    em. 

I(_v  !i  jirnper  I'lu^ice  uf  the  units  of  length,  mass,  and  time,  the  nota- 
ti,.ii'm,i_v  br  ,v.n:,iil,i-i.bly  simplified. 

Li't  the  niiii  of  length  be  sDch  that  .3f-|-m,  when  measured  in  the 
i[sri-iiniiinii"il  nnit,  in:iy  be  equal  to  unity. 

[.,t  III,'  niiii  i,r  tj]]ie  bo  such   that  «  or  ilap/gyil  +  »)]i  may  be 

Lit  till'  unit    iif   iiiiiss   be   such  that  G,  the  planet's   momont  uf 


Q'-c^=3I-^m=l (1). 

Ni>w,  \\    \\<'  pill   fur  ;/  its  value  Jf/ft^,  and  for  f  its  value  JZ/iji,  wo 

ml  yiiii-i'  V  i-.  unity,  111  =  Ja-,  when  m  is  estimated  in  the  astronomical 
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Again,  sinoe  G  =  \Ma^^  and  since  C  is  unity,  therefore  Msz^ja\  where 
If  is  estimated  in  the  mass  nnit. 

Therefore  Mm/^M-^m)  is  nnity,  when  M  and  m  are  estimated  in 
the  mass  anit,  with  the  proposed  units  of  len^h,  time,  and  mass. 

According  to  the  theory  of  elliptic  motion,  the  moment  of  momentum 

of  the  orbital  motion  of  the  planet  and  satellite  about  their  common 

Mm  / 

centre  of  inertia  is  17-j — Qc^  v  1— e^.     Now  it  has  been  shown  that  the 

factor  involving  If  is  unity,  and  by  (1)  Qc*=Q"t=c*. 

Hence,  if  we  neglect  the  square  of  the  eccentricity  e,  the  m.  of  m.  of 
orbital  motion  is  numerically  equal  to  0"^  or  c^. 

Leta5=0-*=c*. 

In  this  paper  x,  the  moment  of  momentum  of  orbital  motion,  will 
be  taken  as  the  independent  variable.  In  interpreting  the  figures 
given  below  it  will  be  useful  to  remember  that  it  is  also  equal  to  the 
square  root  of  the  mean  distance. 

The  moment  of  momentum  of  the  planet's  rotation  is  equal  to  Cn ; 
and  since  G  is  unity,  n  will  be  either  the  m.  of  m.  of  the  planet's  rotation, 
or  the  angular  velocity  of  rotation  itself. 

With  the  proposed  units  T=|m/(r^=^*«~^,  since  f»=fa';  and 
B=iflr/a=tlf/a»=:|m.  lf/m«»= A»'/«- 

Also  T*/g  (a  quantity  which  occurs  below)  is  equal  to  -J-a*/»«^*. 

Now  let  i  be  the  time,  and  let  2/  be  the  phase-retardation  of  the 
tide  which  I  have  elsewhere  called  the  sidereal  semi-diurnal  tide  of 
speed  '2n,  which  tide  is  known  in  the  British  Association  Report  on 
Tides  as  the  ^Eister  of  the  two  K  tides. 

Then  if  the  planet  be  a  fluid  of  small  viscosity,  the  following  are 
the  differential  equations  which  give  the  secular  changes  in  the 
elements  of  the  system : 

^•=-tf.i„4/(l-E) (2). 

t-  ir"'^'-i) «■ 

1=     J^-V(i?)(l--)     ....     <4,. 
f^^*  =  -j7:sin4/^i) (5). 

=     i-8in4/.    Ill  — 1 0»). 

eth  g  •    ^  \  n  / 

The  first  three  of  these  equations  arc  in  effect  establiKhed  in  my 
paper  on  the  "  Precession  of  a  Viscous  Spheroid,"*  §  17,  p.  497,  cq  (80j. 

•  "  Phil.  Tr*n*./*  Part  II,  1879. 


L',->.s  Mr.  G.  H.  Darwin.  [Mai-.  18. 

The  suEGx  m'  to  the  .symbols  i  and  N  there  indieatea  tliat  tlie  eqna,- 
tioiia  (fclO)  only  refer  to  the  aution  of  the  moon,  and  as  here  we  only 
have  a  sini^le  satellite,  they  are  the  complete  equations.  N  ia  ein&l  to 
1'/h„.  so  tliat  n„  disappears  from  tbe  first  and  second  of  (80)  ;  also 
^=;l/,-'»iin„t,  and  tbns  n,,  disappears  from  the  third  eqnation.  P^cobj, 
f^  =  siti'',  and,  sinee  we  are  treating  i  the  obliquity  as  small,  i*=:l, 
'^=i;  also  ,\  =  (j/in  the  e  of  that  paper  is  identical  with  the/of  the 
present  ono ;  luHlly  f  is  equal  Co  O^lQ't,  and  since  witli  our  present 
units  s=l,  therefore   ^(if/ii(  =  'in-W'  =  ''*/V^'- 

With  i\--x:ird  to  the  transformation  of  the  first  of  (80)  into  (4)  of 
the  pri'Sfiit  jiiiper,  1  remark  that  treating  t  ba  small  ^PQ—^\Q 
=  {''(1  — ^i-'  '0.  !»"d  introdacing  this  tranal'ormation  into  the  first  of 
(SLi),  eqiiiitiou  (4)  is  obtained,  except  that  i  occurs  in  place  of  (t+j). 
Now  iu  the  p;iper  on  the  "  Precession  of  a  Viscoas  Spheroid  "  the  in* 
eliniition  of  ihc  orbit  of  the  satellite  to  the  plane  of  reference  wa^ 
treated  as  zei-o,  and  hence  j  was  zero  ;  but  I  bavo  proved  in  a  pAper 
"On  the  Sccnhiv  Changes  in  the  Elements  of  the  Orbit  ofa  Satellitfi 
revolving  iibimi  a  tidally  distorted  Planet"  (read  before  the  Royal 
Soi-icty  on  Ueeember  18th,  1879.  bat  as  yet  unpublished)  that  when 
we  take  into  .iceonnt  the  inclination  of  the  orbit  of  the  satellite,  the  P 
ami  Q  on  the  rijrht-band  sides  of  eq,  (80)  of  "  Preoeaaion  "  mnst  be 
taken  as  the  eosiue  nnd  sine  of  I'+j  instead  off.  Equations  (5)  and 
(tl)  are  |.mved  in  §  10,  Part  II.  and  §  25.  Part  V  of  the  unpQbli«h»d 
linper,  iLnil  I  he  reader  is  requested  to  take  them  as  ealablished. 

The  iiiU'L'fiils  of  this  system  of  eqaations  will  give  the  secnUr 
ehaiiges  in  llie  motion  of  the  system  under  the  influence, of  the 
fric'lioniil  [idifi.  The  object  of  the  present  paper  is  to  (ind  an  analy* 
ticid  e\p^l',^^ioll  lijr  the  solution,  and  to  interpret  that  solution  geame- 

t'roiii  ii|iiHtiiiHS  (li)  and  (4)  we  have 

lim  fvorti  (-.;,  :nid  (,S)  .r,,l]ldl+jdx(.U  is  equal  to  the  aame  espii-s- 


1 


'.  )  iiia.j-  ;il.io  be  obtained  by  the  principle  of  conservation 
'f  tiiDuiciimni.  The  motion  is  referred  to  the  inrariftble 
system,  and  however  the  planet  and  satellite  may  interact 
her.  the   resultant  m.  of  m.    must  remain  constant  IB 
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direction  and  magnitude.  Hence  if  we  draw  a  parallelogram  of 
which  the  diagonal  is  h  (the  resnltant  m.  of  m.  of  the  system),  and  of 
which  the  sides  are  n  and  x,  inclined  respectively  to  the  diagonal  at 
the  angles  i  and  j,  we  see  at  once  that 

sin  I    X 


Binj     n 

If  t  and  J  be  treated  as  small  this  reduces  to  (7). 

Again  the  consideration  of  this  parallelogram  shows  that 

A2=:H2^aj3-|.2ru;co8  (»+;), 

which  expresses    the    constancy  of  moment  of   momentum.     If  the 
squares  and  higher  powers  of  t+j  be  neglected,  this  becomes 

A=n  +  a; (8). 

Equation  (8)  may  also  be  obtained  by  observing  that  dtildt  +  dx/dt^Oy 
and  therefore  on  integration  7i-{-x  is  constant.  It  is  obvious  from  the 
principle  of  m.  of  m.  that  the  planet's  equator  and  the  plane  of  the 
satellite's  orbit  have  a  common  node  on  the  invariable  plane  of  the 
system. 

If  we  divide  equations  (4)  and  (6)  by  (3),  we  have  the  following 
robults : — 

id:c'2;A^i)^;:^ ^*^^* 


lde_  I  lln-180 
e  dx     2x      n— Q 


(10), 


But  from  (7)  and  (8) 

h  XX 

also  Q=a5'*,  and  n=^— a*. 

Hence  (9)  and  (10)  may  be  written 

llo    i=-  1  g8(^~a?)-2 

~dx^^^     2'  x(h-x)  '  a!«(^-a;)-l 


d  ,  1      ll.rXA-ic)-18 

—  lofirc= —  .  — s- 

dx     ^       2x        je»(^-a;)-l 


(11). 


Xow  ^     ^         '     ^       = - +  - 

2x{/i-x){ji^(h-x)-l}     x(h~x)     2x^''hjr^'\-l 

'n.erefore  ^^,og.=U^+-*-,-^     ....     (12). 

Ak  11j-HA-z)-18_9     7      x^(x'-h) 

ixlur^ai-x)"'!}     x"2  '  x*-A*HV 


pilar.  1«, 


Tliese  two  eqnations  are  ii 
tlic  Inst  ttiiTQ  in  each  of  thi 


It    V 


fvKtum,  botli  kinetic  and  po 
'  Tiicn   integrating   (12)   i     1    ( 
ii'^nin,  find  tlie  expression  for  tlie 
lions,  wliicU  pive  the  varii 
(if  tlie  Ktjuare  root  of  the  B%U 


.    (IS). 

Ley  stand,  eseept  as  regards 

t  tlio  whole  energy  of  tlir 
iqoal  to  J  [re'— »~^].* 

writing  down  (7)  aad  (8) 

,   SB  have  the  following  eqoa- 

i:      lentB  of  th«  Bjstem  in  ttmnn 

e,  and  isdopetideiitly  of  the 


]of:i=\ogj 


•iK=(k~^y- 


WIlVll 

line    111. 


i.11.1    (mq 


'^ration  of  these  eftuatioos  is  completed,  we  shall 
c  ineiiiis  of  tracing  the  hist^iry  of  a  fluid   planet  of  amaU 
',  attended  by  a  single  Hateilite,  when  the  system  is  started 
■  jrivi'n  liniment  of  momentum  h,  and  with  any  mean  distance 
i;ili)  iiicl illation   and    (small)    eccentricity  of  the   satellite's 
(^m;Lll)  obliquity  of  the  planet's  equator.     It  msy  be  re- 
nt A  is  to  be  taken  as  essentially  positive,  because  the  sign 
,■  dc|ieiid8  on  the   convention  which  wo  choose  to  adopt  U 
iiiid  iii'<;ative  rotations. 

{iiiitlons  do  not  involve  the  time,  bnt  it  will  be  shown  latM* 
me  imiy  l>e  also  found  as  a  function  <if  x.  It  is  not,  hnw> 
>-:uv  tn  find  the  expression  for  the  time  in  order  to  know 
rr  III'  rvriits  in  the  history  of  the  system. 
('  I1iii[|  which  forme-  the  planet  is  suhject  to  friction,  thera- 
i-.-ii'iii  j>  iion-conser  ive  of  energy,  and  therefore  x  mnst 
.-m-h  :i  way  that  E  i      y  diminish. 

,|iri'ssiiin  for  iJ  be  ill       n     d  by  a  curve  in  which  E  is  the 
iinatc  and  x  the  horn  ab  !issa,  then  any  point  on  M» 

cricrL'y  "  may  be  taken        ri    resent  one  configuration  of 
1,  as  far  aa   r  rt  e   fiatclliio. 


r  EfToi-li  of  Tid»!  F™ 


"Pivc.   Roj. 


"  So.  IK. 
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Th«n  such  a  point  most  always  slide  down  a  slope  of  energy,  and  we 
shall  see  which  way  at  must  vary  for  any  ^ven  cx>nfigaration.  This 
consideration  will  enable  ns  to  determine  the  seqnence  of  erenta, 
when  we  come  to  consider  the  expressions  for  i,  e,j,  n  in  terms  of  7. 

We  have  now  to  consider  the  farther  steps  towards  the  complete 
Bolntion  of  the  problem. 

'  The  only  difficulty  remaining*  ia  the  integr&tion  of  the  two  expressions 
in  the  first  and  second  of  (14).  From  the  forms  of  the  expressions 
to  be  integrated,  it  is  clear  that  tbey  most  he  split  np  into  partial 
fractions.  The  forms  which  these  fractions  will  assume  will  of  coarse 
depend  ou  the  nature  of  the  roots  of  the  equation  x*— &^+l=0. 

Some  of  the  properties  of  this  biquadratic  were  discussed  in  a 
previous  paper,  but  it  will  now  bo  necessary  to  consider  the  subject 
in  more  detail. 

It  will  be  found  by  Ferrari's  method  that 

where  \»-4x-A*=0. 

By  using  the  property  (Xt— A)  (x:  +  ^)=4\,  this  expression  may  be 
written  in  the  form 

[{■'-K^:+'OP+{i(xi+A)v'i_2A\-t}*3, 

Which  is  of  conrse  equivalent  to  finding  all  the  roots  of  the  bi- 
quadratic in  terms  of  A  and  X. 

Now  let  a  curve  be  drawn  of  which  h^  is  the  ordinate  (negative 


■■I 

BH 

H^S 

HUM 

m 

m 

The  oftlio«l«  it  drawn  to  ane'third  of  the  wdr  to  wbich  the  k1 
VOL.  XXt. 


•2(i2  [Mar.  181^ 

Viilues  of  hr  being  ada  H  wn  in  fij^,  1. 

Its  equation  is  k^=\(y—i). 

It  is  olwious  that  0A=0A'=2. 

Tlie  infiximuni  and  minimum  v&lnes  of  '(-  (viz..  Bh,  B'b')  aiu  givetii 
by  :i\^=4.>r\=+2/3. 

Thon  ]V.=B7/  =  -23/3i+4.2/3t=(4'3')-- 

Sinei?  in  tlic  <;ubic,  on  whioh  t  I      on  of  the  biqua<iratic  depends, 

h-  in  ni;ei'ssiirily  positive,  it  followB  .if  A  be  greater  than   4/3*  the 

cubic  has  one  real  positive  root  thivn  OM,  and  if  h  be  less  than 

4/3  ,  it  has  two  real  negative  :  lying  between  0  and  OA',  and- 

one  re:ii  positive  root  lying  b  JA  and  OM.  ] 

To  iin<l  OM  we  observe  ■  is  equal  to  (4/3')',  and  ainctt- 

tlif-  roof  of  X^-4\,-/iS=0  wl  I  IB  ec  il  to  -2/3'  is  repeated  twioa, 
tluTi'l'orc.  if  c  he  the  third  root  (or  C      )   wo  must  have 


(-iy(-)-'-"-(4T- 


whence  {2/;^l)=c=(4/3')^  and  e  or  0M=  f3'. 

Now  0A=2;  bence,  if  h  be  lees  than  4/3',  the  cubic  Ims  a  poaitiit 
root  between  -2  and  4/3',  and  if  A  be  grenler  than  4/3',  the  cubic  baa  ^ 
positive  root  between  4/3'  and  infinity. 

It  will  only  bo  necessary  to  consider  tlii;  positive  root  of  the  cnbio. 

Now  suppose  /(-  to  be  greater  than  4/3'. 

Tlieu  it  lias  just  been  sbowD  that  \  is  ^-rcator  tlian  4/3',  and  hoiuN 
(\  beiii!!  positive)  3 X^  is  greater  than  lliX,  or  4(V''-4X)  greater  tJiM 
\'\  or  4/i-  jircatcr  than  X',  or  2A\~3  great^^r  than  unity, 

Th<T,-for<.'  t'jy-hli)-^l-2h\-i]i=~{i(\'.+h)^2h\-i-l}K 

'I'liiis  ihf  liiijuaiii'iitii'  1ms  two  real  roots,  which  we  may  call  a  and  W 


i.n  a=KW  +  A)[l  +  v'2ft\-{-l], 

h=i(\i+k)[l-y/2h\-l-l]. 
will  now  be  |)r.>ved  that  a  is  greater  and  b  less  thau  }A. 
luv  a>  or  <|/,. 

as  (\;  +  /.)[l+v^2AX-l-I]>  or  <3;,, 

as  Xi  +  A  >  or  <  \'  ^'2/t-V^, 

a.s  \H2AX!  +  ft«>  or  <2AM-X», 

as  2X»+Aa>  or  <0. 

f  thi>  left  hand  side  is  essentially  positive,  a  is  gr  than  |A. 
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Agfain  1}>  or  <  J/*, 

118  (XS4.7t)[l-  '/2^\-}-l]>  or  <SJi, 

as  -^^-^^v^2^-XI>  or  <2^-X5. 

Since  the  left-hand  side  is  negative  and  the  right  positive,  the  left  it 
less  than  the  right,  and  therefore  b  is  less  than  |A. 
If,  therefore,  h  be  greater  than  4/3',  we  may  write 

^-AarHl  =  («-a)(aj-b)[(a;-«)«-f/33], 

where  a— f  A,  f  A— b  are  positive,  and  where  a  is  negative. 

We  now  tnm  to  the  other  case  and  snppose  h  less  than  4/d*.     All 
the  roots  of  the  biquadratic  are  now  imaginary,  and  we  may  put 

j;4«^arHl=[(a:-«)24./3«][(aj-7)Ha«]. 

If  a  be  taken  as  —  ^(X<— ^),  then  7  is  J(^*"*"^)- 
Then  it  only  remains  to  prove  that  7  is  greater  than  |A. 

Now  7>  or  <2/*, 

as  X5  >  or  <  2A, 

asX*>  or  <4A«=4(X»— 4X), 

as  16  >  or  <  3x2, 

as  4/3*  >  or  <  X, 

but  it  has  been  already  shown  that  in  this  case,  X  is  less  than  4/3*, 
wherefore  7  is  greater  than  |^. 


Wo  may  now  proceed  to  the  required  integrations. 
First  due  where  h  is  greater  than  4/3^ 

Let  aj*-^  +  l  =  (aj-a)(x-b)[(aj-«)«-f/3«], 

so  that  the  roots  arc  a,  b,  «±/3i. 

Also  let  a  be  the  root  which  is  greater  than  }A,  b  that  which  is  less, 
«nd  let 

a=a|  +  |A,        b=:}A— bj,        «=|fc— «i. 

To  find  the  expression  for  t  we  have  to  integrate  -  - — ^-= — -. 

.  Let  /(*)  =  (aJ-a)V^(aj),  and  let  «2//(«)=ii/(«— a)+0(«)/f  («). 
Then  .c^(»-a)=ii/(a;)  -f  (j:-a)V(«). 

Hence  .4=a2//'(a). 

If,  therefore,  /(«)=aj*-Aar»+l,  -4=l/(4a-3^)=l/4ai. 

T  2 


[Mai-.  18, 


Tims  the  partial  fractio 


_  1      1 

4b,r-b 


It  tliu  pair  of  fractions  cortospoiiding  to  the  r 
Ltid  atidod  togother,  «c  find 


.    .    ^     (16). 
M+liihe  formed 


Tile  sum  of  (15)  and  |lf.)  is  equal  to 


(16). 


"-r-nrr=/-  '""l'  ~»l-iJr'°ir(>!~'>)-3nr5s'°e[(»-.)'+/*') 

'  — /(!■'+ 1     4a|  4b|  i^»^'^^'^) 

arctanl^ (17), 


I  the  fir,t  of  (14)  WB  have 
(. 


'"■""■[g 


¥ „ 


'-] 


(.r».b)»T[(:,-.)«+/!']B^ 


(18), 


L   lonshiTit  k)  be  determined  by  the  value  of  »,  whioh 

itli  It  particular  value  of  x. 

lliird    of    (14)    wo    see   that   by   omitting  the 

1  tlic  nlKive,  we  obtain  the  expression  forj. 


B  have  to  integrate 


Ki*~/W»  +  1' 


een   al: 
■  (1*), 

,-'-       r     ha  ,    r—ai 

,i)iiiiexn.    !- -arc  tan 


iiiiiiNf;  on  the  right  hiHid  has  been  already  deter- 

111!  substituting  in  the  second  of  (14),  we  bavie 


(,--^b)fbr[(^_,)H^ 


<19>. 


SI  In  II  /.'  i.~  a  loiiHtant  to  be  determiiied  by  the  value  of  <^,  ooixOBpond. 

in^-  tfi  Miini-  [tiirticulftv  value  of  x. 


1880.]  Hutory  of  Planet  and  Single  SaUUite. 

From  this  eqaaiion  we  get  the  curious  relationship 

B 


2H5 


«' 


Al      (a^-h:r»-^l)l' 


(20). 


This  last  result  will  obviously  be  equally  true  even  if  all  the  roots 
of  jr*— Aic*-f  1=0  are  imaginary. 

In  the  present  case  the  complete  solution  of  the  problem  is  com- 
prised in  the  following  equations  : — 


._  /^coaKexp.  [^^^^a.^,^) 
^--•l  i 


— .«-l^ 


arc  tan 


X  —  a 


fi 


(;rcob)»b»[(aj— a)3+/j2]s(.,.+^,j 


J* 


B 


r 


.IT 


j^- 


.     (21), 


It  is  obvious  that  the  system  can  never  degrade  in  such  a  way 
that  X  should  pass  through  one  of  the  roots  of  the  biquadratic 
Jtr*— A«*+I=0.  Hence  the  solution  is  divided  into  throe  fields,  vis., 
(i)  4j=+oo  to  ie=a;  here  we  must  write  «— a,  x — b  for  the  ascoa, 
^ecob  in  the  above  solution;  (ii)  .r=atoa;=b;  here  we  must  write 
a^a;,  2^b  (this  is  the  part  which  has  most  interest  in  application  to 
actual  planets  and  satellites);  (iii)  j:=h  to  a;=  — oo  ;  hero  we  must 
write  a^ic,  h—x.  When  x  is  negative  the  physical  meaning  is  that 
the  revolution  of  the  satellite  is  adverse  to  the  planet's  rotation. 

By  rofornng  to  (4)  and  (6),  wc  see  that  t  must  be  a  maximum  or 
minimum  when  /{=20,  and  e  a  maximum  or  minimum  when  ;<=:-}-}Q. 
Hence  the  corresponding  values  of  x  are  the  roots  of  the  equations 
.r^—Aaj* -1-2=0,  and  a;*— //.r^-|-  j"  =0  respectively. 

Since 


1 


1 


Therefore 


1  ~an(z  — at)-f/^ 

4a,  .r~a     4b,  ^-b  '  2(x^^-hl^')   [(^-<.)=+/^]  ' 


•f 


^^-L(^-h)[ix-.y^fi'']-^.L(^^^^^ 


+ 


1 


2(a,«-h/^-) 


tJ-'i('-«)+/^]('-»)^^-»>). 


•iiW  Mr. 

Hence  the  coefficient  of  iH* 

therefore  -r— —  — 


i 


Now  when 

equal  to  — Jn-, 
Hence    whe 
upper  Bigii  being  Ijiken  for  +  os       i' 

Then  since  j,; tends  to  become  i  i  when  x=±  oo,  and  mocw 

;'— ^=  Y,  therefore  when  a!  '        ;e  e    ends  to  vary  as  jV, 

If  .'■  be  very  small  j  has  a  tii       ■  :        i  varies  as  .f,  and  e  larieft 

(*,  I,  and  I'  all  become  infinite  when  iK=b,  und  /  also  becomes  iufinilc 

This  analytical  solation  is  so  complex  that  it  is  not  easy  to  under- 
stand its  physical  ^meaning;  a  geometrical  illastration  will,  howeverr 
make  it  intelligible. 

The  method  ndi)[>ted  for  this  end  is  to  draw  a  Beries  of  carves,  the 
|iiiiuts  on  which  have  .'■  as  abscissa  and  i,  j,  e,  ti,  E  as  ordinatea.  The 
tigure  would  hai-dly  be  intelligible  if  all  the  curves  were  drawn  at  once, 
and  tlii-reforc  a  sejiiirato  figure  is  drawn  for  i,  j,  and  e ;  but  in  each 
lifrurf  llic  stiuiyht  lino  which  repreBents  n  is  drawn,  and  the  energy 
I'urvi'  ib  lUsu  iiLti'oiluced  in  order  to  det«rm  le  which  way  the  lig;ure  is 
to  Ih;  rcaii.  Tlic  zero  of  energy  is  of  oi  le  arbitrary,  and  therefore 
I  lie  origin  nl  i  he  iniTgy  curve  is  in  each  a  3  shifted  along  the  vertical 
:i\is,  In  siic'li  u  w.iy  that  the  energy  cnrre  may  clash  as  little  as 
possible  witli  llu'  ..liiers. 

It  is  mn  vc(  V  eiisy  to  select  a  valne  of  A  which  shall  be  tmttable  tor 
driiwiiii,'  th^'si'  cui'vi's  within  a  moderate  compass,  but  after  some  con- 
siilcratiou  I  chose  /-='2'lj,  and  figs.  2,  3,  and  4  are  drawn  to  illoatTftte 
iliisviilucol/,,  ir  1  lie  cubic  \™-4\-C2-6)3=0.  U- solved  by  Cardan's 
mdlioil.  ii  will  )>,■  loiiiid  that  \=2-5741,  and  using  this  value  in  the 
toriuulii  t')i   tlir  nii>(-.  of   the  biquadratic  we  have 

.'-■J-i;.+l^(,-2'5:il0(--'a26)[(;.  +  -:iB2)3  +  (-575)*]. 


82t;,    «=--3S2,    /J=-r.7f.,    J?.=l-95, 
=2-332,  ,,=  +  /3'=5-"71. 


A 
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._  .(2-539(>:a;)^^^exp.  [062  arc  tan  (174()a;-f  665)]  . 
^  (^co-826)^(««+765aj+-477)»8i* 


•—     * 


2-6-aj' 


B  a5» 


;     •         (22), 


"  ""^ST  (aj*-2-6aj«-fl)I'^* ' 
11=:  2-6— jr. 
2.&=(2-6-»)3— L. 

The  maximum  and  minimum  values  of  i  are  given  by  the  roots  of 
the  equationa^— 2'62!3+2=0,  viz.,  as=:2'467  and  a;=l'103.  The  max- 
immn  and  minimum  values  of  e  are  given  by  the  roots  of  the  equation 
;b*— 2*fo+if =0,  viz.,  a)=2'495  and  a)=l-0095.  The  horizontal  asjmp. 
U>te8  for  ijA  and  j/A  are  at  distances  from  the  axis  of  x  equal  to 
ezp.  ('062  x^)  and  exp.  (— '062x^),  which  are  equal  to  1102  and 
*908  respectively. 

Fig.  2  shows  the  curve  illustrating  the  changes  of  t,  the  obliquity  of 
the  equator  to  the  invariable  plane. 

The  asymptotes  are  indicated  by  broken  lines ;  that  at  A  is  given 
bj  a=-826,  and  is  the  ordinate  of  maximum  energy ;  that  at  B  is  given 
by  0=2*6,  and  gives  the  configuration  of  the  system  for  which  the 
plaiiet  has  no  rotation.  The  point  C  is  given  by  a* =2*539,  and  lies  on 
the  ordinate  of  minimum  energy.  Geometrically  the  curve  is  divided 
into  three  parts  by  the  vertical  asymptotes,  but  it  is  further  divided 
l^ysically. 

The  curve  of  energy  has  four  sIo{>es,  and  since  the  energy  must 
d^prade,  there  are  four  methods  in  which  the  system  may  change, 
according  to  the  way  in  which  it  was  started.  The  arrows  marked  on 
the  curve  of  obliquity  show  the  direction  in  which  the  curve  must  be 
read. 

Since  none  of  these  four  methods  can  ever  pass  into  another,  this 
figure  really  contains  four  figures,  and  the  following  parts  of  the  figure 
are  quite  independent  of  one  another,  viz. :  (i)  from  —  x  to  O  ;  (ii) 
from  A  to  O  ;  (iii)  from  A  to  C ;  (iv)  from  +  x  to  C.  The  figures 
3  and  4  are  similarly  in  reality  four  figures  combined.  For  each  of 
these  parts  the  constant  ^1  must  be  chosen  with  appropriate  sign  ;  but 
in  order  to  permit  the  curves  in  tig.  2  to  be  geometrically  continuous 
the  obliquity  is  allowed  to  change  sign. 

The  actual  numerical  interpretation  of  this  tiguri'  depends  on  the 
value  of  A,  Thus  if  for  any  value  of  x  in  any  of  the  four  tields  the 
obliquity  has  an  assigned  value,  then  the  ordinate  corresponding  to 
that  value  of  x  will  give  a  scale  of  obliquity  from  which  all  the  other 
ordinates  within  that  field  may  be  estimated. 


Diagram  for  Obliquitj  of  Planct'a  Eqimlor.— Fii 


As  a  special  example  of  this  we  see  that,  if  the  obliqaity  be  zen>  at 
any  point,  a  consideration  of  the  curve  will  determine  whether  zero 
obliqnity  be  dynamically  stable  or  not ;  for  if  the  arrows  on  the  curve 
of  obliquitj  be  approaching  the  axis  of  x,  zero  obliqnify  is  dynamically 
stable,  and  if  receding  from  the  aiia  of  x,  dynamically  unstable. 

Hence  from  x=  +  co  to  B,  zero  obliquity  is  dynamically  unstable, 
from  —  00  to  0  and  A  to  0  dynamically  stable,  and  fi'oni  A  to  B,  first 
stable,  then  unstable,  and  finally  ntable. 

The  infiuile  valne  of  the  obliquity  at  the  point  B  has  a  peculiar 
significance,  for  at  B  the  planet  has  no  rotation,  and  being  thus  free 
from  what  Sir  William  Thomson  calls  "  gyroscopic  dominalion,"  the 
obliquity  changes  with  infinite  case.  In  fact  at  B  the  term  equator 
loses  its  meaning.  The  infinite  valne  at  A  has  a  different  meaning. 
The  configuration  A  is  one  of  maximum  energy  and  of  dynamical 
oqnilibrinm,  but  is  unstable  as  regards  mean  distance  and  planetary 
rot»tioa  ;  at  this  point  the  system  changes  infinitely  slowly  i  s  regards 
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time,  and  thorofore  tlio  iiitinito  valuo  of  tlio  obliquity  docs  not  indurate 
an  infinite  rate  of  cbanj^c  of  obliquity,  hi  fact  if  wo  put  /i  =  Q  in  (1) 
wo  see  that '//7//Z^=  —  :}(T-/g)  sin  4/".  However,  to  consider  this  cast* 
adequately  we  sbould  have  to  take  into  aecount  the  obliquity  in  the 
equations  for  tin  hit  and  tlrUlt,  because  tlic  principal  semi-diurnal  tide 
vanishes  when  n  =  l>. 

Similarly  at  the  minimum  of  energy  the  system  chancres  infinitely 
slowly,  and  thus  the  obliquity  would  take  an  infinite  time  to  vanish. 

We  may  now  state  the  physieal  meaniiif^  of  fi^.  2,  and  this  interpre- 
tation may  be  compared  with  a  similar  interpretation  in  the  paper  on 
*•  The  secular  effects  of  tidal  friction,"  above  referred  to. 

A  fluid  phinet  of  small  viscosity  is  attended  by  a  single  satellite,  and 
the  system  is  started  with  an  amount  of  positive  moment  of  momentum 
which  is  greater  than  4/3^  with  our  present  units  of  length,  mass  and 
time. 

The  part  of  the  figure  on  the  negative  side  of  the  origin  indicates  a 
negative  revolution  of  the  satellite  and  a  |>ositive  rotation  of  the 
phmet,  but  the  m.  of  m.  of  planetary  rotation  is  greater  (by  an  amount 
A)  than  the  m.  of  m.  of  orbital  motion.  Then  the  satellite  approaches 
the  planet  and  ultimately  falls  into  it,  and  the  obliquity  always 
dimim'shes  slowly.  The  part  frotn  O  to  A  indicates  ])ositive  i-otation 
of  both  parts  of  the  system,  but  the  satellit(»  is  very  close  to  the  planet 
and  revolves  round  the  planet  quicker  than  the  planet  rotates,  as  in 
the  case  of  the  inner  satellite  of  Mars.  Hciv  again  the  satellite 
^ipproaches  and  ultimately  falls  in,  and  the  obliijuity  always  diminishes. 

The  part  from  A  to  C  indicates  positive  rotation  of  both  parts,  but 
the  satellite  revolves  slower  than  tin;  planet  nitates.  This  is  the  c-ase 
which  has  most  interest  for  application  to  the  solar  system.  The 
.satellite  recedes  from  the  ]>lanct,  smd  the  system  ceases  its  changini 
when  the  satellite  and  planet  revolve  slowly  as  parts  of  a  rigid  Ijody — 
that  is  to  say,  when  the  enerin'  is  a  minimum.  The  obliquity  first 
decreases,  then  increases  to  a  maximum,  and  ultimately  decreases  to 
zero.* 

The  part  fnnn  infinity  to  ('  indieaies  a  positive  revolution  of  the 
satellite,  and  from  inliiiitv  to  H  a  m^rjitive  rot  ilinu  of  the  planet,  but 
from  li  to  C  a  positive  nnation  i»f  the  planet,  wliirh  is  slower  than  the 
revolution  of  the  satellite.  In  citlur  o!"  these  ca>es  the  ^atcllite 
approaches  the  planet,  but  tlii'  chaiiir»s  <'ease  when  the  satellitt*  and 
planet  mov«t  >lowlyrouiHl  :i>  parts  of  :i  v'v^'uX  Ixxiy  -that  is  to  ^ay.  wln-n 
the  energy  is  a  niiniiMUTii.  If  tlie  rotation  of  the  planet  be  po>iii\f. 
the  obliquity  <lirninislir^,  if  ne_ra»ive  it  inen^asrs.  If  the  rutaiion  oi" 
the  planet  l)e  /m7,  the  term  oblit|uity  eea>es  to  have  any  ineaninir,  since 
then*  is  no  lonj^er  an  eipiatoi'. 

•   Af«*urilini:  I41  tin-  jin-'-nl  tln'urv.  \\\v  nn».>!>,  r  ni«.i«J«'rt'il  :i«.  ln-iUij  iLttt'iiilt'tl  'i\  ihi* 
eiirtll  :i3  u  >.'iti>lliti',  liU"  iTDiH'  tlir  iii:;li  tlu'--  ■  li:iii'_'i'^. 
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tbe  latter  the  parts  between  the  maximum  and  minimnm  of  ciiei-gy  l)e 
anni)iilated. 

These  Ihi-eo  fijifures  may  be  interja'cted  as  giving  the  various  fttabilities 
and  instiibilities  of  the  system,  just  as  was  done  in  tlic  first  case. 


The  stjhition  of  tlie  problem,  which  has  been  given  and  discussetl 
above,  gives  merely  the  sequence  of  evenb<,  and  does  not  show  the  rate 
at  which  the  changes  in  the  system  take  place.  It  will  now  l>e  shown 
how  tlie  time  may  hv  found  as  a  function  of  .r. 

Couhider  the  eijuation 

:;;:=.i^  sin  4/(1-"-), 

/  is  here  the  angle  of  lag  of  the  sidereal  semi-diuinal  tide  of  speed  In  : 
then  by  the  theory  of  the  tides  of  a  viscous  spheroid,  tan  2/=2n/p, 
where  p  is  a  certain  function  of  the  radius  of  the  planet  and  itsdenBity, 
and  which  varies  inversely  as  the  coefficient  of  viscosity  of  the 
spheroid.* 

Since  by  hypothesis  the  viscosity  is  small, /is  a  small  angle,  so  that 
sin  4/'  niity  be  taken  as  equal  to  2  tan  2/.  Thus,  sin  4//»  is  a  constant, 
depending  on  the  dimensions,  density,  and  viscosity  of  the  planet. 

It  has  already  been  shown  that  t^  varies  as  x''^\  and  S  is  a  constant, 
which  depends  only  on  the  density  of  the  planet.  Hence,  the  above 
equation  may  bo  written 

..'=';^=K(«-0), 

where  K  is  a  certain  constant,  which  it  is  immaterial  at  present  to 
evaluate  precisely. 

Since  71= h — x  and  Q^=x'''\  we  have 

Kdt=.   -"'''''' 


or  K/=  — I — '■ '■ — +  a  const. 

The  determination  of  this  integral  presents  no  difficulty,  but  the 
analyticiil  expression  for  the  ix*sult  is  very  long,  and  it  does  not  at 
present  seem  worth  while  to  give  the  result.  The  actual  scale  of  time 
in  years  will  depend  on  the  value  of  K,  and  this  is  a  subject  of  no 
interest  at  present. 

It  will,  however,  be  possible  to  give  an  idea  of  the  rate  of  change 
of  the  system  without  actually  performing  the  integratitm.     This  may 

*  "On  tlie  Bodily  Tides  of  Viscous  and  Bcxni-clastic  Splirroidfi,"  &c.  "Phil. 
1  ran!..,"  Port  1,  I87i».  p.  13.  §  5. 
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uidinatcH  on  a  mncli  reduced  sciilc.  It  wus  not  |>oBsib]o  to  extend  the 
tigvre  {a,T  in  cither  direction,  I>ecunHc  for  lur^c  values  of  x,  c  varies  bk 
a  high  power  of  x(viz.,  ',').  The  cnrvo  prtficiitB  a  rcHcmblanec  to  that 
of  obliquity,  for  in  the  field  compriiied  bt-twci'i)  the  two  rootd  of  the 
biqnadratic  (viz.,  between  A  and  C)  the  ecceiitrii-ity  dimininbeH  Ui  a 
,  increafieB   fo  n  maximum,  ami    ultimately  vanishcB  at  C. 


Thin  fioUl  roprcBcnts  a  poHitive  nitation  Iwlli  of  tlie  planet  and  satel- 
lite, but  the  aatellite  revolves  slower  tlinti  the  planet  rotates.  This  part 
rtprocnta  tho  degradation  of  tlin  cystciu  from  the  coufiffniDtion  of 
mftximam  energy  to  that  of  minimum  energy,  and  the  aatellite  rrce<l(ii 
from  the  planet,  until  ihi-  two  move  mund  .-limly  like  the  purls  «f  a 
rigid  body. 

In  every  other  case  the  eccontrlciiy  di-irrttdi->  nipiillr.  whilst  the 
NHtellitc  approaches  the  planet. 

The  very  rapid  rate  of  variation  of  the  ei  ecntricity,  eompnrrd  with 
that  of  tbo  obliquity  woaM  lead  cme  to  I'xpi-i'l  lli:it  the  ecceutrictly  of 
the  orbit  of  a  satollitc  should  lN>c(inie  very  luri;i'  in  the  rourxc  of  ilh 
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I'Tolution,  whilst  the  obliqnity  ahoald  not  iacrease  to  any  very  large 
extent.  But  it  mnst  be  remombored  that  we  are  here  only  treating  a 
(linnet  of  small  viseoaity,  and  it  will  appeitr,  in  the  nnpnblished  paper 
above  itt'crred  to,  that  the  rate  of  increaao  or  diminution  of  the  eccen- 
tricity is  very  ranch  lesB  rapid  (per  unit  increase  of  j-)  if  tho  viscosity 
bo  not  small,  whilst  the  rate  of  increase  or  diminution  of  obliquity 
(per  Huit  inci-ciiHC  oE  j^)  in  slightly  increased  with  iucrca«ie  of  viscosity. 
Thus  tlic  observed  eccentricities  of  the  orbits  of  satellites  and  of 
obliquities  of  their  planets  cannot  be  said  to  agree  in  &monnt  nitU  the 
theoiy  that  the  planets  were  primitively  fluids  of  small  viecoaity, 
though  I  believe  they  do  agree  with  the  theory  that  the  planotH  were 
llnidH  or  <|nasi-3olida  of  large  viscosity. 

Wc-  now  comu  to  the  geeond  «we,  whoM  h  is  loss  than  i/S".     The 
biquadratic  having  no  real  roots,  we  may  put 

,,'-IL^+l=[(,,-.)'+/i«][(«-l)'+J>]. 
I  (.  hai!  ah'u.idy  bfi-ii  shown  that  a  is  n^ativi-,  and  t  greater  tlukU  j/i, 

i«t  „=ji-.„       1=11+}*. 

Then  by  iuspcctioii  i>l'  thu  integral  in  the  first  case  we  see  that 

'■^P-     —, — T^- — r  anjtan + nrct&ii -t\. 

Till;  rtsi  of  I'ljuatioDS  (21),  which  express  the  other  elemeflt*  i 
Ici-mii  of ,/  anil .'',  n)iuaiii  the  same  as  before. 
By  eomiiarison  with  the  tit«t  case,  we  see  that 

1 -..(r-.j  +  ^P  1  Ti(j-l)-fg 

.'-/..  +1     i(.,-+f|!)     (.—)'+()•        2(V  +  P)  ('—()'+«"■ 

Oil  limit  ipljiiig  luiih  sides  of  this  identity  l>y  j''—Air'  + 1,  i 
till-  loittliiiiits  lit     .  M-eliiKl 

11= ~'i    + a^. 

2(-i'+m     2hi'-+S') 


j  =  .le.p 
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This 


the  upper  sign  being  taken  for  +00.  and  the  lower  for  — < 
ezpresHion  gires  the  horieontal  asymptotes  forj  and  i. 

In  order  to  illuiitrate  this  solniion,  I  chose  A=l,  and  found  by  tri- 
gonometrical solution   of   the   cubic    V— 4\— 1=0.    \=-2II40,   nnti 


+  -346arctan(lfi5fl/-l'6;n)]. 


2B=(l-*)3- 


i  *=  +  cK,  >M=l-956=-t/H.  and 

!r=-  Qc,  jM=-512=-VM. 


Di>l!nin  for  Obli<|uiij  oF  Pltuirt'a  iCi|unlur.- 
These  eolntions  arv  illuHtrntcil  ax  in  the  [in-v 
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fijTuroH  .',  <',  7.  There  are  iiei-e  only  two  slopes  of  energy,  and  honiMj 
thoH<i  fi^'iiriin  nai'li  uf  them  only  contain  two  separate  fignres. 

Viff.  '•  illoHlnitcs  tlie  changes  of  i,  the  obliquity  of  the  equator  to 
tho  iiiviiririblo  plane. 

In  tliiH  tignro  there  is  only  one  vortioaJ  aaymptote,  viz.,  that  corrts 
ttponiliiif;  to  .1^=1.  For  this  valne  of  x  the  planet  hae  no  rotation,  in 
free  from  "  Ryrosctipie  domination,"  and  the  term  equator  loses  its 
mfimiritf. 

Tim  li^'iiffi  kIiowk  that  if  tbo  rotation  of  the  planet  ho  uegatiTc,  bnt 
\.\w  111.  (if  III.  l^!  plaoQtary  I'otation  less  than  that  of  orbital  motion, 
Ihcn  thn  [ihliquity  increases,  whilst  the  satellite  upproachet^  thi.>  pliuiul. 

ThiH  iiM-rcaHc  lit  ohliqntty  only  continues  so  long  as  the  rotation  of 
tliu  plimi't  in!ii'givtivc.  The  rotation  becomes  poaitiire  after  a  time,  and 
till-  iililii|iii(y  t.hiiij  diminiahes,  whilst  the  aatellito  falls  into  the  plantit. 
Ill  l,lii>  .•(irivf.|niiuliiiK  part  iif  fig.  2  the  satellite  did  not  fall  into  ttic 
|ilurii>(..  lull.  Ihi'  twi)  liiially  movud  slowly  ronnd  togethor  ae  the  parts  of 
It  rif{i.l  hnity,  ^ 

If  thr  ri'volotioii  of  the  satellite  be  negative,  and  the  rotation  of 
I  hi<  plani't.  positive,  bnt  the  m.  of  m.  of  rotation  gi-eater  than  that  of 
j'liviiliitiiiti.  till- iihliquity  alwrvys  diminishes  as  (lit-    satellite  falls  in  In 
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Figs.  2  and  5  only  difFer  in  the  fact  that  iu  the  one  there  is  a  tmu 
maximum  and  a  tmc  minimnm  of  obliquity  aud  energy,  and  in  the 
other  there  is  not  bo.  In  fact,  if  we  »nnihilato  the  part  between  the 
vertical  asymptotes  of  fig.  2  we  get  fig.  5. 

Fig.  C  illnfltrat«B  the  changes  of  inclination  of  the  orbit.  It  doen 
not  powess  very  much  interest,  since  it  simply  shows  that  however  the 
sjitem  be  storted  with  positive  revolution  of  the  Natollite,  whether  the 
rotation  of  the  planet  be  positive  or  not,  the  inclination  of  the  orbit 
•lightly  diminishes  as  the  satellite  falls  in. 

And  howe^  cr  the  HysUim  be  started  with  negative  revolntion  of  the 
satellite,  and  therefore  neucssarily  positive  rotation  of  the  planet,  the 
inciliiiation  of  the  orbit  slightly  in<-reEiSL's.  Fig.  6  again  corresponds 
to  fig.  3,  if  in  the  latter  the  part  lying  between  tho  maximum  and 
a  of  energj-  he  annihilatod. 


V^.  7  illnstratcB  the  chan^'N  of  (-ecentricity,  and  shows  that  it 
alw^a  diminiahes  rspiilly  however  the  syittem  is  started,  as  the  satellite 
tMt  into  the  plmirt.     This  ri<;un-  agniii  i-orrcBponds  with  fig.  i,  if  in 


im 
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the  latter  tlio  parts  between  tlic  t 
annihiliityd. 

These  three  figures  ma.yb6  interpreted  as  giving 
and  iiistidiilities  of  the  ^ynteni,  jaet  e&  was  done  i: 


f  energy  be       ^ 


I  BtabiliticH 
the  first  case. 


The  solution  of  thL  problem,  which  has  been  given  and  discnsaed 
iiboi  t ,  t,'i\  IS  merely  the  sequence  of  events,  and  does  not  show  the  rato 
at  whitli  tilt,  cliangea  in  the  sjHtem  take  place.  It  will  now  be  ehown 
how  tin  tniiL  may  bt  found  as  a  function  of  J. 

Consider  the  equation 


ill 


-/( 


f  is  jierc  the  angle  of  lag  of  the  sidereal  semi-dinrual  tide  of  speed  2»  ; 
then  by  the  theory  of  the  tides  of  a  viscous  spheroid,  tan  2/=2«/p, 
where  p  i^^  :i  certain  function  of  the  radios  of  the  planet  ajid  its  ilensiljr, 
and  which  Taries  inversely  as  the  coefficient  of  viscosity  of  the 
sphei-oid* 

t^iiK'o  by  ]iypothc»is  the  viscosity  is  small, /is  a  small  angle,  bo  that 
sin  if  iiiiiy  be  taken  ns  equal  to  2  tan  2/  Thus,  sin  ij]n  ta  a  consUuit, 
depending'  on  the  dimensions,  density,  and  viscosity  of  the  planst. 

It  h:is  already  been  ahown  that  i^  varies  as  as~^',  and  g  ia  a  oonttant, 
which  depends  only  on  the  density  of  the  planet.  Hence,  the  above 
equiitiun  luny  be  written 

wliiTi'  K  i.s  a  certain  constant,  which  it  is  immaterial  at  present  to 
evaluiito  pi'ceisety. 

SiiK:i'  n-='li  —  .i;  and  n=a"'',  we  have 


K(= 


.'I'Diinutiun  of  this  integral  presents  no  difficulty,  bnt  tlw 
(■.\pri<»sioii  for  the  ]-esnlt  is  very  long,  and  it  does  not  at 
rn  worth  while  to  give  the  result.  The  actual  scale  of  timo 
■ill  ilepiTid  on  the  value  of  K,  and  this  is  a  snbject  of  nB 

mwevcr,  be  possible  to  give  an  idea  of  the  I'ate  of  ofaMt^    ■ 
cm  without  actually  perfoi-ming  the  integration.     This  b^ 


■idc.  of  Vic 
>.  13,  $  e. 


>  and  umi-elulio  Splirri 


1880-1  Hiitori/  of  Plaiut  and  Singh  Satellite.  'ill 

l>e  done  by  drawing  a  cnrre  in  which  the  ordinates  ore  proportional 
tu  dtjdx,  and  the  absciasm  are  z.     The  equation  to  this  carve  is  then 


dm     3T*— /wi-Hl' 

The  mazimnm  and  minimum  values  (if  any)  of  dtjd.',  are  given  by  the 
)«al  roots  of  the  equation 

ll**-12AaiH15=0. 
One  of  such  roots  will  be  found  to  be  intermediate  between  a  and  b. 
and  the  other  greater  than  a. 


Dingram  iltustratiag  Che  Rate  of  Change  of  the  Sjetoni. 

Fig.  8  shows  the  nature  of  the  curve  when  drawn  with  the  free 
hand.  It  was  not  found  possible  to  draw  this  figure  to  scale,  because 
when  &^2'6  it  was  found  that  the  minimum  M  was  equal  to  '85,  and 
could  not  be  made  distinguishable  from  a  point  on  the  asymptote  A, 
whilst  tbe  minimum  m  was  equal  to  about  900,000,  and  could  not  be 
made  distinguishable  from  a  point  on  the  asymptote  C. 

The  area  intercepts''  between  this  curve,  the  aiis  of  x,  and  any  pair 
of  ordinates  corresponding  to  two  values  of  z,  will  be  proportional  to 
the  time  required  to  pass  from  the  one  configuration  to  the  other. 

Where  dijdx  is  negative,  that  is  to  say,  when  the  satellite  is  falling 
into  the  planet,  the  areas  fall  below  the  axis  of  x.  This  is  clearly 
necessary  in  order  to  have  geometrical  continuity  in  the  curve. 

The  figure  shows  tltat  the  rate  of  alteration  in  the  system  becomes 
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very  slow  when  the  satellite  is  far  from  the  planet ;  this  mnat  indeed 
obi-iously  be  the  case,  becBUBe  the  tidal  efFects  vary  as  the  iiiY«i»o  eixtii 
jiowor  of  the  Kitellite's  mean  distance. 


V,  "On  the  ModificationB  of  the  Spectnim  of  PofasBimn  wli«A 
aiv  Efftttited  by  the  Prpseuce  of  Phosphoric  Acid,  and  oil 
the  Inorganic  BaeeB  and  Salts  which  are  found  in  combin»> 
tioii  with  Educte  of  the  Brain.-  By  J.  L.  W.  ThudichOI^ 
M.lt.,  F.R.C.P.L.  Communicated  by  JoHN  SiMON,  CMh 
F.K.S.,  &c.     Received  March  10,  1880. 

Among  the  nstnlts  of  a  large  i^ves^ig7itiun  on  which  ■!  have  fu[ 
mjiny  yoars  bedn  engaged  in  regard  of  the  chemistry  of  tlie  brain,  I 
had  been  led  to  conclude  that  the  so-called  "protagon"  of  Oh(9u 
Liebreic-h  h  not  a  definite  chemical  body,  hut  ia  ft  variftble  mixture  ol 
several  bodies.  This  conclneion  of  mine  (which  ai^rees  with  upinionjt 
expressed  on  the  same  aubjoct  by  Streekef,  Diaconow,  aiid  Hoppe- 
Seyler)  was  published  by  me  in  1874,*  and  endeavours  to  cuntrovart 
it  have  .since  then  been  made,  on  several  occasions,  by  Dr.  Arthoi 
(lami^ue.t  Last  sammer.  he  brought  before  the  Royal  SocietyJ  hil 
contentions  for  the  chemical  individuality  of  "protagon";  and  SI 
fortnntitcly  was  in  my  power  shortly  afterwards  to  publish  evidence 
which,  I  believe,  those  who  will  take  the  trouble  to  follow  it  will 
find  quite  uufinswerable,  that  I>r.  Gamgee's  contentions  were  mil' 
liiken.§  Part  of  my  evidence  to  that  effect  consisted  in  showing  by 
i|iiiinliiiilive  an:dysea  that  Dr.  Gamgee'a  so-called  "protat'on"  eon- 
t;iins  1)7  pi'f  cent,  of  potassinm;  secondly,  that  in  connexion  with 
ti'illiiit;  dilTereiices  in  the  extraction  procesB,  the  proportion  of  potM- 
siuin  ill  dill'irvnt  specimens  of  "' protagon  "  can  be  mado  to  rangt 
Iroin  ii  trmr  In  I'G  per  cert. ;  thirdly,  that  with  the  variable  qaiuititlM 
lit*  ]>i)i;]s^iiiiii  the  quantities  of  phosphorus  and  other  ingredients  will 

In  ilii-  Iji"!  pidilislicd  number.  No.  200,  p.  111,  of  the  "ProcoedinRi 
iif  iht'  l:i>\:il  Siii'ii'ty,"  1  find  that  Dr.  Gamgee  has  recently  bruogh) 
llir  ituritiiiii  ajiiin  under  notice  of  the  Society,  and  that,  in  doing  ao. 
Ill'  rsjii'riiiliv  ri'--ts  his  case  upon  the  following  statement  made  by  bu 
c-iilli';igiir.    ^rl•ll■^Mo^  Roscoe,  on  the  subject  of  some  examinatkn 

•  ■-  K,-|>  ,r(  -  ••>  1  'ii'  .MoJL™!  Offioer  of  tha  Priry  Connoil  tad  Lotal  Omttt 
HumpI  ■■      -\."  S,..-,,*.      No.  III. 

t  ■■  Z.  it-iliiil!    Tur  I'bjBiol.  Chomic,"  Tot,  iii,  p.  260;  "  Ber.  Deulwh.  ( 

j  "  AniiiiU  I'l    l,'liumii.«l  Medioine,"     Eriitrd   bj  J.  L.  W.  Thudichttm. 
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«Uahf  at  Dr.  Gbmgee's  request,  he  had  made  for  him :  see  **  Pro- 
nnniiagl,"  foL  sczz,  p.  118 : — **  1  have  examined  spectroscopically 
lor  potesh  ft  Munple  of  protagon  furnished  me  by  Dr.  Gamgee, 
•ad  MwUed  *  Protagon,  twice  recrjstallised,  Blankenhorn.'  I  could 
■oi  deftaet  ttny  potash  by  the  spectroscope  in  the  incinerated  mass 
fraoi  0*1  gim.  of  Bubfitance.  With  the  carbonised  mans  obtained  from 
1*0  giu.  of  rabstttnoe  I  obtained  the  potasssinm  line  {a)  very  faintly, 
•ad  fimn  oompumtiTe  experiments  with  a  dilute  solution  of  a  potas- 
riam  Mlt  I  eBtunate  the  quantity  of  potash  in  1  grm.  of  the  substance 
■oi  to  ezeeed  i\f  mgrm.  The  carbonised  residue  of  I  grm.  of  protagon 
vaa  OHrefnllj  oxidised  with  pure  nitric  acid,  when  a  small  quantity  of 

inetaphogphoric  acid  remained  after  ignition.  The  residue 
(H)278  gprm.,  corresponding  to  1'08  per  cent,  of  phosphorus. — 
(BgMd)  H.  B.  Boscoe." 

lagaxda  the  bearing  of  Professor  Rascoe's  evidence  on  the 
tliat  baa  been  raised  before  the  Royal  Society,  and  as  regards 
adiar  reiations  of  the  same  question,  I  beg  leave  to  submit  to  th(3 
Bipd  Bodety  the  following  observations : — 

L  Oa  the  ModificaUcms  of  the  Spectrum  of  Potassium  which  are 

effected  by  Phosphoric  Acid. 

II  it  wall  known  in  spectroscopy  that  the  best  spectra  of  metals  are 
in  the  easiest  manner  by  aid  of  their  most  volatile  com- 
■Boh  aa  chlorides;  and,  on  the  contrary,  that  salts  which 
or  lass  fixed  at  high  temperatures,  such  as  the  silicates  and 
of  alkalies  and  earths,  give  either  no  spectra  at  all  or  only 
faaUe  spectra.  Thus,  if  a  minute  particle  of  potassic  bromid*i 
ha  pasted  in  the  aerated  gas  flame  before  the  slit  of  the  spectru- 
weOfB,  ibtB  apectnim  of  potassium  is  at  once  produced  in  the  most 
lainiant  iimiiiiii  particularly  the  line  in  red  is  brilliant  and  sharply 
while  the  gas  flame  to  the  naked  eye  shows  the  violet  colour- 
af  potaasinm.  But  when  a  similar  particle  of  potassic  phosphate  is 
nnder  similar  conditions,  the  flame,  instead  of  showing  tlie 
aokmr  of  potassium,  shows  a  grccnish-ycIlow  colour  produced 
tj  nilatilland  phosphoric  acid  :  and  in  the  spectroscope,  at  first,  only 
acmtinnoQa  spectrum  of  phosphoric  acid  (not  to  bo  confounded 
tha  oontinuoiis  spectrum  of  potassium)  is  seen,  till  gradually,  and 
ai  a  white  heat,  a  feeble  potassium  Line  in  red,  with  indistinct  edges, 
ii  panaiTod. 

Sfan  a  large  bead  of  pure  potassic  phosphate,  when  ignited  befort^ 
tha  alii  of  the  spectroscope,  never  produces,  even  at  white  heat,  any  such 
red  potassium  line  as  the  smallest  bead  of  potassic  chloride, 
bromide,  or  potassic  nitrate.  And,  in  contrast  with  the  latter 
whioh  Tolatilise  quickly,  the  phosphate  takes  some  time  befon* 
it  ia  eomplately  volatilised. 

u  2 
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When  surrli  an  indolent  1  11  has  given 

:i  li-i^ltlf  potassiutn  line  in  n  [iliorio  kch) 

iiiidaciiin  ignited,  thee  i  of  volatilising  phosphoric 

iiciil  is  nxjiiiri  nt  lirst  obta  gas  flame  to  the  naked  eye 

i-i  I'uvolopeil  in  a  greenish-;      low  ■,    md  in  the  spectroscope  the 

iMnliiiunus  spwfn-um  of  phospl  ai        nrilr,  utretohing  far  into  the 

hluf.  und  witlioiit  n  trace  of  pi  line  in  red,  ia  seen.      Qradu- 

iilly  the  bead  flows  again  as  a  it  glass,  and    then  the  red 

potiisHliirii    lino   reappears  in  etjpe    thongh  without  evet 

ivniOiiiif,'  the  vivacity  of  the  line  '  otl  by  volatile  salts.  If  noir 
lliciiL'ud    Lave  added  to  it  a  of   a  ^hloride^for  example,  zinc 

ililoridc— and  be  again  ignited,  a  livi  potassium  Epeetrnni  will  bit 
w'lMi  iti  till'  spi'L'troscope,  i.e.,  the  pi  im  goes  away  as  chloride. 

'I'liat  doubli'  di't'omposltion  with  the  separation  of  the  products  talces 
lit  til'  titorc  lime  than  the  voktiliaatioii  of  a  bead  of  potassic  chloride  of 

Evidently  then,  if  it  were  intend^  to  estimate  fi-om  the  spectTD- 
scoiiic  si^'tis  the  concentration  of  a  gi'  potassic  solntion,  it  would 
be  neci'ssiirv  to  take  into  aoconnt  n  only  the  intensity  of  the 
|>i>tassiurii  litie  jiroduccd  during  the  voli  li^ition  of  the  Bolution,  bst 
also  tin'  len^'tli  of  time  -Inring  which  line  is   perceived.      If  Bola> 

tioiis  eijiially  cnn  cent  rated  of  potiuisie  chloride  and  potassic  phoBphatM 
iire  similarly  cx.imiiied  before  the  Bpect  ^cope,  the  phosphatio  Bolil- 
liiin  is  fi'uiid  t'>  gii'c  the  feebler  band,  bat  to  give  it  for  the  looggat 
time  :  iiiid  tio  HjH'i'Iroscopic  observation  with  regard  to  §uch  a  solotitHi 
iMii  pri'li'iid  1i>  any  validity  Fur  pu-posee  of  quantitative  compivriaoit 
unless  lUi'  iilwrvcr  be  equally  attentive  to  the  duratiou  as  to  the  ii*> 
l:'M>it  V  ••[  I  lie  pbcnixnecou. 

({'■ferritiL'   n'>w,    in    the  light   of   these  considerations,  tti  ProfesMlr 

I!  i~( "s   l.'ti.'i'.  I  wish    6rHt  of  all   to  point  out  that   hia   oliaurv&tidll, 

uluii  fiali'  wllh  the  carbonised  mass  from  1  grm.  of  snbstanD* 
I'll  riihi  ii':iii'il  iiiv  assertion  that  the  subatauce  contains  potaSBitU&i.  ; 
Villi  1  i.iji\  ;id  1,  Ky  iho  way,  that  in  my  paper  on  which  Dr.  Gamgvb 
•  ■..■iLriiTi:-.  1  I  llii'  lt'>yiil  Society,  I  have  given  sixteen  quantitati** 
:,Kii\-i-  ..'  ■•  ]ir..ML->ii  "  luiil  its  congeners  with  regai-d  to  the  qaanti^ 
.ii  ]"!(  [■•■•■ii^rL  ciiiitMincd  iueijch;  having  made  eaiih  determination  of 
i>.ii.i---;iiini   li\  i.niitiiiry  gravimetric  methods,  and  having  weighed  tiUi  i 

Sriiinil},  iimviii  r,  Professor  Roscoc  cstimate.s  that  the  qnantltl^  < 
,.|  [ii.i:i-ii  iiinl.ilnid  in  a  gram  of  Dr.  Gamgee's  "  pro  (agon  twio*.  > 
1,1  cy-inlll-,"!  "  dill  not  exceed  -^^  mgrm.,  an  ti9timaf«  which  hBti 
:i|,:„.:n-  !>•  round  on  tlio  faintness  of  the  pritassinm  1'""  (a)  obtAiafld. 
liv'hini  fnun  l]i:il  snl.slani-e  08  comparud  '•  with  a  dih  Ir.tion  of  » 

l„,.a-.sium  !-:il(."  Tins  inference  I  think  it  necesi  '  c  ^k  by  thj 
i-on>idi'i-^iUons  I  have  before  stated.      Profeasor         i  tes  tl       ~ 
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obtained  from  1  grm.  of  "  protagon "  a  residue  of  0'0278  g^rin.  of 
metaphoBphoric  acid,  but  according  to  his  spectroscopic  estimate,  Ichh 
than  1^  mgrm.  of  potassium.  What  is  the  value  of  the  latter  half  of 
this  statement  when  taken  with  the  context  of  the  other  half  ? 

Before  Professor  Roscoe  could  possibly  obtain  from  such  a  sabstance 
as  he  seems  to  have  examined  any  spectroscopic  evidence  of  tlu* 
presence  of  potassium,  he  would  have  had  to  drive  away  from  his 
platinum  wire  a  relatively  enormous  amount  of  free  phosphoric  acid. 
He  would  then  have  had  some  potassic  phosphate  K'ft,  which,  as  we 
have  seen,  gives  only  a  feeble  and  indistinct  potassium  band  in  the 
red,  even  when  a  large  bead  is  heated  in  the  flame  before  the  spectro- 
scope, and  which,  in  so  extremely  small  an  amount  as  he  must  have 
had,  would  of  necessity  give  a  fallaciously  weak  reaction. 

Further,  Professor  Roscoe  seems  not  only  to  have  thus  overlooked 
the  inhibitive  or  weakening  influence  of  phosphoric  acid  in  relation 
to  the  spectrum  of  potassium,  but  has  also  omitted  to  give  any  objec- 
tive measures  of  the  intensities  which  he  purports  to  compare,  has 
moreover  not  recorded  the  length  of  time  daring  which  the  compared 
phenomena  continned,  and  has  not  even  named  what  was  the 
particular  potassic  salt  used  by  him  as  a  standard  in  his  comjmrisou. 

Apart,  therefore,  from  the  inherently  small  worth  of  spectroscopy  as  a 
quantitative  method,  not  even  those  precautions  of  which  the  spectro- 
soopic  method  admitted  were  employed  by  Profess* »r  Roscoe,  and  I 
must  therefore  respectfully  submit  my  opinion  that  his  experiment  is 
of  no  practical  value. 

2.  On  (he  Inorganic  Bases  awl  Salts  which  are  fouml  in  comlnnaiion  with 

the  Educts  oj  the  11  nun. 

Ytiitnjy  in  his  research  on  the  bniin  published  in  1841,  stated  that 
the  body  which  he  had  isolated  and  termed  **  ci»rebric  acid,"  was 
frequently  combined  with  soda  and  phosphate  of  lime.  Another  sub- 
stance, which  he  termed  **  oleophosphoric  acid,''  he  assumed  to  br 
ordinarily  in  the  state  of  soda  salt,  but  sometimes  combined  in  part 
with  phosphate  of  lime.  He  se^Mirated  these  biises  and  salts  by  dis- 
solving the  mixture  of  the  two  bodies  (cerebric  and  oleophosphoric 
acid)  in  boiling  absolute  alcohol,  which  had  Ixtm  made  slightly  acid 
faj  solphuric  acid.  Sulj)hates  of  linio  and  soda  n*mained  suspendf^l 
mixed  with  some  ins<jluble  organic  matter,  and  were  reniove<l  bv 
61tration.  The  cerebric  and  oleophosphoric  acids  were  in  solution. 
and  deposited  on  cooling.  From  the  mixture  oleophosphoric  acid  was 
extracted  by  ether,  which  left  the  cerebric  acid  behind.  Fn'my  furtlur 
found  that  cerebric  acid  combined  with  all  bases,  and  must  lie  (*oti- 
■idered  a  true  acid.  When  heated  with  dilute  solutions  uf  (M)tash, 
soda,  or  ammonia  it  did  not  dissolve,  but  combined  with  each  of  tlieKu 
bases.     The  compounds  were  also  obtained  by  mixing  any  of  thi>>(* 
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Iitiscs  with  an  alcoholio  solution  of  cerebi*ic  acid.  Thus,  he  prep&red 
I  he  inHiiluhlf  barium  componnd  contaiuing  7S  per  cent,  oi  bftrj?ta. 

Hcarinf;  this  experience  of  Fr^my  in  mind  during  my  researches  on 
llie  fhcQiical  constitution  of  the  brain,  I  invariably  eitamined  fur 
iiinrganic  ingredients  all  the  edncta  which  I  obtained  from  the  ibrain.* 

Of  Kb:i'iiAL]N  (the  most  important  of  the  phosphorieed  ingredients 
i.f  the  bniiii)  10  grms.  wore  dissolved  in  one  litre  of  water,  fcnd 
iit'liT    tiltiatiim    precipitated   by   hydroohloriu  acid.     Tlie  solution   of 

I  ydrochloric  ai'iil  and  other  matters  filtered  from  the  precipitated 
i>oplialiii  wiis  evaporated  to  tiryness.  A  portion  was  then  boiled  with 
>ri!iitiiiii  lif  baryta,  when  traces  of  amm»nia  were  evolved.  The  rest 
nt'  till'  ivsiihie  w;t)i  then  ignitud  ia  r  platinum  dish  to  destroy  all  traces 
III'  or^Miilr  matter.  The  nnh  Vfas  but  slightly  fusible;  was  only  par* 
n'iilly  Kdliilile  in  water,  bat  was  eaaily  solable  in  water  slightly  acidified 
I'y  hydrochloric  acid.  Tlie  Rolntioa  with  amnxtnia  gave  an  abundant 
l>[vcij>iiat('  of  ri'illii/  saite,  and  tho  solution  assnmed  a  de^  Hoe  colour. 
i'recipituli'  ;nid  .solution  were  eeparated  by  filtration. 

The  ]>ivi'ipilati.'  dissolved  readily  inalittle  hydrochloric  acid,  forming 
:i  sliL,'litlv  I'i'd  soliiiion,  suggesting  the  presence  of  ii<m,  which  waacOD- 
lii'MLi'd   liv  [lie  sulphocyauiile  test.      In  another  portion  of  the  aolatton 

I I  Hull'  siLl]>liiu'i('  acid  gave  an  abundant  precipitate  of  gypsum,  ghowing 
pre.-iriiw  iif  ■•iili-i<'w.  In  another  portion  the  molybdate  test  showed 
I  lie  pif.soni'c  kI'  p/'i'splittric  <tcid.  To  tke  remaining  portion  a  few  drops 
I  r  fiiTii'  cliloridt'  were  added,  tlien  sodic  carbonate  nearly  to  neutrality, 
^iTiii.   lazily,   haryllc   carbonate.     The   mixture   was   allowed   to  stand, 

iltiri'iL  :iiiil  till'  liltratc,  free  from  exceas  of  baryta  by  aulphnric  acid, 
.ias;ii:aiii  tilirivii.  iind  the  filtrate,  after  supersainration  with  ammoni*. 
■_:iv.>  a  ^'iiMt  p[i'ci|>ilato  with  ammonie  oialate,  showing  presence  of 
•  iiirh  r-.i/.-.-nn.  'J'lto  filtrate  from  this  calcic  oxalate  on  concentration, 
:'  :il  iri'iilTiii  111  with  ammonia,  ammonie  chloride,  and  sodic  phosphfttOi. 
_:\\i-   tlir   )ii-iripiiaic    cliarHctw-istic   »f  tnagncHnm.      Tlie    previpitoto 

■  r.ilii.-id  ;i-  iiliovi'  dosci'ihed  by  baryta  carbonate,  was  boiled  with 
1  vii-.  L.i"  j'lin-  sudii,  and  the  Gltnil^  was  warmed  witli  ammoBiO' 
<  iili'i'iiii- :  <'[il\  .1  -liu'ht  turbidity  easaed,  so  that  it  may  bo  asaaoied 

I'lii'  '  ."'('■■  frtim  th:"  foregoing  precipitate  by  ammonia  wM 

r  ^ii  i{  I'.'i'  liiiu'  1>\    oxiiliiti',  when  a  conaiderable  precipitate  was  pro>' 

r  L.'r.i.  -l>-^M!i-  ill,'   pivKon.'t' of  Ui.\e  nntombined  irith  pkotpbinio aoU^ 

iL'I  ^^]l:<'!l  liii'nfon'  tiiu^t  hitvc  been  in  combination  with  part  of  th» 

.■  ii];:iliii.      '["•<■■  \Aw-  s.'lution  was  again  filtered  from  calcie  oialalA, 

.'liiih  ]v.\A   bi'i  11  niiiri'ly   ]iri-i<ipitated,  and  was  acidified  with   bydn>« 

I    '.•■■/n-  :u-iil.      I'll,'  .-  'pi'.^  was  prticipitaled  by  hydrothion.  the  filtmta 

■    I'iiMi  |.;iTi  ■•(  iu\  r\]'.-rienrf\  rulBiing  to  irplnJin  aoil  ntyoiiu  it  rpconted  in  "E^ 

■-  ..>  ill    \|.,|i.':il  Olliivr  i>(  llip  l*ri>7  Ckiunvil  and  LuoJ  OoTomoivnt  fiianl,* 

>  -.1,-.  N  '   111  i!--:!'.!'-  126,  ■ikIUM.,  No.  VUl  (1BT6). p.  131. 
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evBpotaied  to  dryness,  ignited,  and  the  residue  tested  for  alkalies. 
This  residue  exceeded  in  bulk  the  bases  previoaslj  removed.  It  was 
fusible  with  ease,  and  on  solidification  became  white  and  crystalline, 
but  interspersed  with  many  red  particles  of  ferric  oxide.  It  was  a 
mixture  of  fwtcusic  a/ml  9odic  chlorides,  and  of  some  ferric  oxUle^  which, 
owing  to  the  presence  of  the  chlorides,  had  escaped  precipitation  by 
excess  of  ammonia. 

It  was,  therefore,  proved  that  the  kephalin,  obtained  by  the  alcohol 
and  ether  process,  and  purified  by  solution  in  water  and  filtration,  as 
desoribed  at  length  in  my  researches  above  quoted,  is,  at  least  in  part, 
combined  with  ammoHium,  sodium j  potcistnum,  calcium^  iron,  copper,  and 
caUie  and  magnesic  phosphates.  This  experience  was  repeated  a  great 
number  of  times,  and,  in  the  aggregate,  on  several  hundred  grams  of 
dry  kephalin. 

In  the  following  experiments  myelin  (the  phosphoriftcd  iniirredient 
which  stands  next  in  importance  to  kephalin  in  the  chemistry  of 
the  brain)*  was  examined  for  inorganic  bases,  in  order  to  obtain 
some  knowledge  regarding  their  relative  amounts  and  nature.  The 
myelin  was  dissolved  in  water,  precipitated  by  hydrochloric  acid,  and 
the  acid  solution  separated  by  filtration.  The  cojfper  wafi  removed  by 
hydrothion,  the  filtrate  evaporated  to  dryness,  and  the  rcfiidue  ignited 
in  a  platinum  dish.  During  this  ignition  much  ammotnc  chloride  was 
given  out,  and  its  nature  distinctly  proved  by  condensing  and  analys- 
ing it. 

The  fused  mass  was  dissolved  in  dilute  hydrochloric  acid,  and  the 
solution  so  obtained  treated  with  excess  of  ammonia.  The  white 
gelatinous  precipitate  which  was  thrown  down  was  scarcely  coloured 
black  by  ammonic  sulphide,  indicating  the  presence  of  only  a  trace  of 
inm.  The  precipitate  and  filtrate  were  submitted  to  analysis,  qualita* 
tive  and  quantitative,  as  follows : — 

The  precipitate  was  dissolved  in  dilute  hydrochloric  acid,  the  solution 
was  nearly  neutralised  by  sodic  carbonate,  after  addition  of  s«#roe  ferric 
chloride ;  an  excess  or  bary tic  carbonate  was  now  added ;  the  mixture 
was  shaken,  allowed  to  stand,  and  then  filtered.  From  the  con- 
centrated filtrate  the  barinm  was  then  removed  by  sulphuric  acid, 
and  the  filtrate  was  precipitated  in  the  presi*nce  of  excess  of  ammonia 
by  ammonic  oxalate.  The  oxalate  so  obtained  was  converted  by 
intense  ignition  into  oxide,  which  weighetl  o*ll)«J4,  grm.,  equal  to 
0*1423  grm.  culrium.  The  filtrate  and  washings  from  the  calcir 
oxalate  were  treated  as  usual  for  tho  quant»tion  of  magnesium,  antl 
there  was  obtained  0'55'!>G  grm.  nia<^iesic  pyrophosphute.  e<(ual  to 
0-I212  grm.  lawjuesium.  The  precipitate  which  had  been  produceil 
by  ferric  chloridt*,  and  sodic  and  bary  tic  carbonates,  was  dissolved  in 

*  Report*.  i«  abore.  Xo.  III.  p.  15G. 
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nitric  aoiti,  and  tlie  phosphorus  estimated  by  precipitation  with  ani- 
inonic  niolybdatc,  and  trans  formation  of  thH  precipitate  into  magnvBin- 
iimmiinic  phosphate,  &c.  This  gave  0'3266  grm.  phoephorun,  eqaal  lo 
0*74*^0  f^nn.  pliiisphoric  anhydride. 

The  jilln'li'  was  proved  to  be  free  from  magneainm  and  cslcinm. 
The  potassium  contained  in  it  was  estracted  in  tlie  nsual  manner,  hy 
means  of  platinic  chloride,  giving  11'2766  gnns.  of  the  doable  salt 
(2KCI,PtCI,)  i-ijiial  to  3-651  grms.  potassic  chloride,  or  1-911  grm.  <.f 
IH'tai'fiiini.  Thi!  motlier-liqnor  and  waabings  were  evaporated  to  dry- 
tieRS,  and  the  platjnam  was  removed  by  oxtraeting  the  ignited  mnsH 
witb  water  acidiUod  by  hydrochloric  acid.  The  extract  Bo  obtused 
was  evaporated  to  dryness  and  fnsed ;  the  residue  weighed  3-i5  grm«., 
hi'inn  pure  sodic  chloride  equal  to  1*356  grm.  sodium.  The  qnaatitira 
of  sodiinii  and  potassium  thus  found  were  controlled  bj  the  asaljaia  of 
a  soparalo  part  of  the  original  solution  containing  their  chlorides ;  and 
oti  calcalatiIL^'  from  the  residue  obtained  on  evaporation  thei-e  sbonld  . 
have  becD  found  a  total  quantity  of  chlorides  ^  7"09  grais.  There  waa 
found  pota.ssie  cliloride  =  3651,  and  aodic  chloride  =  3-450;  togethiT. 
7101  irrn.s. 

As^uTiiin;:;  fhc  above  earthy  bases  to  have  originally  existed  ill 
myelin  as  tribasic  phuapliates,  and  any  phosphoric  acid  remaimiifc 
iivcr  to  hiLvi'  been  in  combination  with  potassiara,  then  we  have, 

Tah-iiim  ..  =:  0-1423  grm.  existing  as  SCaO.PjOj. 

MnL'iirsiiim  ..  =  0-r212  „  „  3MgO,PgOj- 

i',,ti,sM.,i,>  ..  =  0-5(i63         „  ,.         SKgO.PjOj. 

Poriissliiin  . .  =  I-3447         „    1  combined    directly    withj 

Sodium  . .  =  1-3.1(;0         „    /      myelin. 

l'iio>plL,,.-us  . .  =  iy32ijQ         „  existing  as  PjOs  (0-748  grmiJI 


ad  disli'ib 
hi  till.'  ki 


■  iihoibcr. 


ili'd  between  the  oalcinm,  magneainm,  and  potassluni. 
]>li;iliu  rosfarch,  related  above,  it  was  proved  that  keph&lin 
II  roiiiliiaation  with  calcic  oiide  nr  lime,  without  any  othor 
uiiii'>l  u'itli  that  base.  In  the  myelin  research  it  was  foniul 
.1  liii,  tlniv  may  be  in  combination  even  a  much  greatfT 
yur;i-.\\  and  soda  than  of  lime. 

<m;iiiIi  was  now  made  on  the  mixture  of  phosphoriaed  will 
I  >iib>i:iiiefs,  which  Fr^my  termed  "  cekkbric  acid,"  and 
wrii.r-i  have  termed  "  PKOTIGON."  Tills,  after  cxhanstion 
vi.'is  ndisHolvcd  eight  times  in  hot  spirit,  and  after  fittnt* 
i|>i(:iti'il  on  cooling.  It  was  pressed  to  i-omovo  all  mothaiv 
:  ihi'U  sQspoTided  in  water  and  heated  until  it  becauiQ 
ciiHilu'i'd  with  it;  acid,  either  sulphuric  or  hydrochlorie^ 
ihiiil,  wluroupon  the  organic  matter  curdled  and  i 
iv.i-  si'jiarated,  and  the  acid  solution  was  treated  lika  Um 
lilji'l  similar   solution  from   kephalin  and  myelin.     Cm^^g 
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sidenble  quantities  of  the  same  bases  and  salts  as  those  obtained  from 
kephalin  and  myelin  were  isolated,  but  not  examined  any  further. 

It  had  been  ascertained  in  previoas  operations  on  these  mixed  phos- 
phorised  and  cercbrin  bodies,  and  was  now  again  observed,  that  one 
treatment  with  acid  was  insufficient  to  free  them  entirely  from  bases. 
The  bodies  which  had  been  treated  with  acid  wercs  therefore,  treated 
with  lead  acetate  solution  in  the  cold,  and  were  allowed  to  stand.  The 
liquid  which  formed  was  filtered  fn)m,  and  pressed  out  of  the  lead- 
oompounds,  and  on  proper  treatment  yielded  as  follows: — sodium^ 
SB  1*78  grm. ;  potassium,  =  1*185  grm. ;  calnium,  =  008  grm. ;  and 
magnenum,  0*02  grm.  The  s()<linm  was  weighed  as  chloride;  the 
potassium,  0*85(3  grm.,  as  bitartrate.  and  0*32  grm.  as  platinic  chloride; 
the  calcium  as  carbonate;  and  the  magnesium  as  pyrophosphate. 
The  respective  preparations  are  herewith  submitted  for  inspection. 

Curious  facts  which  deserve  notice  are  the  following.  When  so- 
oalled  "  protagon  "  was  decomposed  by  baryta  to  obtain  neurin,  it  was 
observed  that  the  platinic  chloride  salt  of  the  base  always  contained 
poioisium.  When  the  neurin  was  combined  with  phosphomolybdio 
acid,  and  carefully  washed,  and  then  again  transformed  into  platinic 
chloride  salt,  it  became  free  from  potassium.  In  both  cases  the  salt 
was  crystalline,  but  the  crystallisation  was  diiTerent  in  the  two  cases. 
The  crystals  containing  potassium  were  most  perfectly  formed  indivi- 
duals, sometimes  more  than  half  an  inch  in  length  and  breadth,  and 
ab  eighth  of  an  inch  in  thickness,  while,  on  the  other  hand,  the 
cxystals  free  from  potassium  were  bundles  of  needles,  of  lighter  aspect 
and  not  admitting  of  angular  measurement.  The  experience  shows 
that  the  platinic  chloride  compound  of  potassic  chloride  is  dimorphous, 
and  in  one  of  its  forms  is  isomorphous  with  the  platinic  chloride  salt 
of  neurin  hydrochlorate.  It  is  further  remarkable  that  the  impure 
isomorphous  mixture  crystallised  in  well-defined  individuals,  while  the 
pore  salt  crystallised  in  confused  masses  and  in  bundles  of  needles. 
The  crystals  of  the  perfect  type,  when  powdered  and  burnt  on  a 
platinum  wire  in  an  aerated  gas  flame  before  the  spectroscope,  produced 
the  line  in  red  characteristic  of  potassium.  This  specimen  is  herewith 
sabmitted  for  inspection,  as  also  a  specimen  of  the  salt  free  from 
potassiam. 

The  foregoing  data  may  perhaps  contribute  to  explain  some  of  the 
discrepancies  which  have  been  found  between  diiTerent  specimens  of 
nenrin  platinic  chloride,  and  have  caused  the  inconvenience  of  a 
namber  of  diiTerent  formula?  l)eing  attributed  to  neurin,  namely, 
C|H||NOf,  or  C^jHuNO,  or  CsHjjN,  or  C^Hi^X.  They  may  also  explain 
whj  neurin  from  "protagon'*  has  been  supposed  to  consist  of  a  mix- 
ture of  two  Ixxlics,  having  respectively  the  formula)  C.IIijNO^,  termed 
oxjnenrin,  and  Cj^Hi^NO,  termed  neurin.  According  to  my  own 
numerous  analyses  (iieports  as  above.  No.  VIII.  p.  118,  et  seq.),  th<* 
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principal  amiiioiiium  base  from  tlie  phosphoriaed  aabslancoa  has,  after 
purification  by  the  pboaphumolybdic  process  and  orabination  with 
hydi-ociiloric  acid  aud  piatinio  chloride,  invariably  the  coniiwBitioM 
UsHi,,NO. 

The  stoichiometric  relations  of  such  s,  base,  in  its  piatinio  chloride 
Malt,  woald  be  doubly  disturbed  by  the  presence  of  pot*BsiuKi ;  for  not 
only  would  a  portion  of  the  piatinio  chloride,  namely  that  combined 
with  potassic;  cldoridc,  l>e  erroneously  referred  to  ueurin,  but  the  entire 
:imouiitof  phitimim,  if  estimated,  as  is  usual  by  combustion,  would  be 
raised  in  apj-iarent  nmouut  by  tbs  presence  of  the  polasaic  chlorida  as 
an  invisible  iTupurity. 

Tho  Aliiumjnous  Inorbdiest  of  the  brain  contains  considerable 
iimounLs  of  the  u.sual  salts,  particularly  calcic  phosphate,  of  which  the 
calcium  isubtai[i<;d  ds  ^^ypsum.  when  the  albumin  is  treated  with  dilate 
Mil|ibiiric  aciil,  and  the  solution  of  hemi-albumin  is  filtered  from  th« 
undissolved  ht-mi-proteiu  and  slowly  evaporated.  By  combnstioti  of 
the  alliumin<ius  matter  of  the  brain,  all  the  usual  salts  and  baacB, 
iiicludiiii,'- c(iji|"T,  iniD,  and  mani^^ttese,  are  liberated. 

The  ;^'iviit(T-  pint  iif  the  ioIiiI'Ik  nalte  contained  in  the  brain  paMe» 
into  till'  vi.'^^tcT  extracts,  vrhilo  the  greater  part  of  tho  iitnoluble  iaU», 
>>uch  as  pliiis[>liati.s  of  earths,  remain  with  the  albumin  ;  but  a  poriion 
of  hoth  ivmaiiis  with  the  phosphorised  and  nitrogeuised  principles,  uid 
follows  lliem  into  all  their  solut  ions  in  ether  and  alcohol.  Only  sulphaiM 
hiive  tii)t  licrii  found  in  these  latter,  though  they  are  present  in  tbs 

ll  ri>llciws  tliiit  idl  (-duets  from  the  brain  have  to  be  freed  from  t^ 
salts  or  li^isi'-i  dt'sci'ibed  before  they  can  be  snbjected  to  qimntitattro 
rlii-tiiii*nl  I'xaiiiiiiation  ;  and  an  error  which  seems  to  me  to  pervade  kU 
:iiia1v>('s  III'  t  lir  liriiin  for  inorganic  ingredients  hitherto  is  the  foDow- 
iiii.'.  Winn  till'  brain  is  barnt  in  it«  entirety,  the  phosphorio  Boid 
I'l'siillinL'  Ti-iuri  till-  destruction  of  the  phoaphonued  compounds  expttis 
sij1|>)iiii  ii'.  Ii\  di'<>i.'hli>ric.  and  carbonic  acids,  and  cornea  to  be  conaidarad 
:i-  :lii  iii<<i'<j:ii]ii'  iiiL.' red  lent,  the  fact  of  its  previous  combination  iMUtg 
ii\  I'l  hiiiki  ll.  Wlicii  the  brain  is  freed  from  matter  soluble  in  spirit 
;iiid  filui',  ;uid  tlir  iilbumin  and  water  extract  alone  are  examined  for 
iiiiii'i,':iiiii-  iiiLjEi  illr  iLlp,  the  hiilacy  otherwise  introdncod  by  the  phtw- 
|i)uirii'  ill-Ill  ill  iir'L'-iiiiii-  combination  is  nn  doabt  avoided;  but  the  inor- 
i;:iiiii'  wili.s  il.--,i'i-iln-(i  iibovp,  as  in  combination  with  the  phosphorised 
niul  iiitri>'.;<'ii i.-i<i|  niarlcra  are  overlooked  and  left  oat  of  conitiderBtiioil. 

A  viiKt  rani,"-  nf  nther  organic  analyses  (anim.^l  and  vegetable)  toB 
iiior-nni.-  .•mistlrueutH  is  no  doubt  affected  by  tho  same  fallacy,  and  It 
~i-<-tiis  Id  nil-  that  till'  right  making  of  Huch  analyses  is  a  much  mOT* 
i*.im]>lii-:ili;il  jii'uMt'm  iLau  haa  hitherto  been  beliavcd. 
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VI.  **  On  Magnetic  Circuits  iii  Dynamo-  and  Magneto-Electric 
Machines.  No.  2."  By  Lord  Elphinstone  and  Charles 
W.  Vincent,  F.R.S.E.,  F.C.S.,  F.I.C.  Communicated  by 
Professor  G.  G.  Stokes,  Sec.  R.S.  Received  March  10, 
1880. 

A  large  amoant  of  magnetism  is  retained  by  the  sofl  iron  cores  of 
elsotro- magnets,  when  arranged  so  as  to  form  a  complete  magnetic 
circuit:  and  sparks  and  other  indications  of  the  passage  of  an 
elocirio  carrent  can  be  obtained  at  the  ends  of  the  helix  wires  snr- 
nmnding  those  soft  iron  cores,  each  time  the  masses  of  iron  are 
separated  and  the  closed  magnetic  circuit  opened.  In  order  to  pro- 
enre  a  spark  the  breaking  of  the  circuit  must  bo  effected  suddenly, 
either  by  a  jerk,  tilt,  or  sliding  movement. 

In  the  case  of  the  58  lb.  magnet  described  in  our  former  note,  the 
current  that  is  capable  of  causing  a  spark,  although  only  momentary 
in  duration,  is  found  ^o  be  sufficient  in  quantity  and  intensity  to 
Hiagnetize  a  small  electro-magnet,  weighing  with  its  coils  between 
5  and  6  lbs.,  enabling  it  to  sustain  its  own  weight  for  any  indefinite 
time  when  suspended  by  its  armature. 

When  the  armature  of  the  small  ma^et  is  placed  at  the  distance 
of  ^  of  an  inch  from  its  poles,  in  such  a  manner  as  to  be  free  to  move, 
the  instant  the  armature  of  the  large  magnet  is  suddenly  tilted  or  slid 
off  it  darts  to  them,  the  completion  of  the  circuit  of  the  small 
magnet  being  signalled  by  a  smart  click.  The  rupture  of  one  closed 
magnetic  circuit  is  thus  caused  to  pro<luce  another  closed  magnetic 
circuit. 

Bat  when  the  interval  between  armature  and  magnet,  whose  circuit 
it  was  intended  to  close,  exceeded  ^  of  an  inch,  the  former  was  not 
attracted  with  sufficient  force  to  overcome  the  friction  of  the  table 
upon  which  it  was  resting. 

The  mode  of  removing  the  armature  from  the  large  magnet 
appeared  to  be  of  no  moment,  but  the  time  occupied  by  the  remoYal 
had  much  influence  upon  the  amount  of  magnetic  force  manifested  in 
the  smaller  circuit.  This  was  particularly  the  case  if  there  were  an 
interral,  no  matter  how  small,  between  the  armature  and  tho  poles  of 
the  magnet  round  which  the  eU'ctric  current  was  sent. 

For  example,  if  with  an  interval  of  ^\  of  an  inch  lictween  tho 
armature  and  the  poles  of  the  small  magnet,  the  armature  of  the 
large  magnet  was  slowly  slid  off,  the  magnetization  of  the  small 
magnet  never  rose  to  a  sufficient  intensity  to  draw  its  keeper  to  itself. 
whereas,  when  the  sliding  took  place  rapidly,  the  small  armature  wan 
strongly  attracted  as  above  mentioned. 

The  largest  amount  of  magnetization  was  bestowed  upon  the  small 
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electro-matriifit  \>y  tho  interaction,  -wJien  it  waa  lield  npriglit,  its  poles 
iMiiiig  coiii[iK'ti4y  cov«red  by  »  cloeeiy  fitting  ftmiafure.  And  it  v«» 
also  foand  lliat  when  thas  set  np  in  prepamtion  for  the  forinatiim  uf 
a  closed  majinetic  circuit,  the  magnetization  was  produced  by  a  mndi 
slower  motion  of  the  large  armature  ihan  when  tlie  eraall  magnet  had 
its  circuit  partly  open.  When  the  circnit  was  completnly  closed,  if 
fhc  iiirge  nrmiiture  were  twisted  off  by  a  slow  equable  motion,  in  such 
a  manner  thnt  both  polca  were  uncovered  at  the  same  time,  then  tlm 
Hmall  nia^'iict  ci>uld  be  made  to  sustain  not  only  its  own  weight 
(betwetii  ■'i  and  ti  lbs.)  but  an  ailditional  3  lbs.  also. 

Uuriiiff  the  passag^u  of  the  electric  cnrrent,  obtained  by  the  forcinjj 
open  iif  the  closed  circuit,  the  fall  of  magnetism  in  the  large  magnet 
itseir  is  I'liei-kcd,  llie  direction  of  the  magnetic  polarity  remaining  un- 
i'lian),'cd,  the  current  ::heckiDg  or  opposing  the  fall  being  in  the  aaxac. 
dirccrion  as  that  from  the  battery  which  caused  tho  primary  mafr. 
iicti/.ation.  If  the  ends  of  the  helix  wires  are  not  connected  togctbiT 
this  eire<'t  is  nut  obtained. 

J^lectric  curri'ntN,  though  of  leas  intensity  and  quantity,  can  ho 
prudiiccd  in  the  helices  of  elefitro-magnets,  without  altogether  break- 
ini;  up  ilie  closed  magnetic  circuits.  For  instance,  with  the  58  lb. 
i-leitr.]-[n;i;;iict,  tlic  circuit  being  complet-ely  closed  by  its  armatore, 
ami  the  helices  lioing  connected  with  a  galranonieter,  a  very  sli^t 
pull  a|'|'lir<l  to  the  armature  prodnces  a  current  of  electricity  giving  n 
l■,lll^ilil■l-llllc  dcllcctinn  of  the  needle  in  the  same  direction  as  thB 
liiiltiry  cnn'enl  ;  ;iud  tho  Ktronger  the  pall  the  gr'jater  tho  deSectitfn 
of  tlu!  ^'iihiinomcti.>r  needle,  up  to  the  point  at  which  the  magnet  in 
lifti'ii  triiiii  the  ;,'r(iuuiJ,  aft«r  which  no  further  motion  of  the  needle  in 
jumlucfil,  uiilc"  llio  magnet  is  subject^'d  to  additional  strain.  Thuii^ 
liati^inLi  :i  4  ill.  wi'iglit  upon  the  aplifted  magnet,  prodnced  deflection! 
iTi  ilu'  >:iiiii'  iHi-reiioii  as  the  pull  on  the  armature,  and  on  removal  uf 
lilt]  wciu'lii   jiiuiluecii  reverse  deflections. 

Truiii.'  till'  -.iiiiu'  set  of  experiments  with  a  very  small  eleotra* 
iii;i<_'ii^i.  Ml  iIi;l(  uc  Tiiii,'ht  proceed  to  absolnte  rupture  of  the  cloewl 
iiiii'jiii  1  ii- i-ii-i-iiii  witluml.  danffcr  to  the  galvanometer,  we  found  that 
ilii'  ii  {iliii'iii  ipf  -iicci's.^ivc  weights  to  the  magnet  while  hanging  bus- 
|iiihliil  In  its  :irmiiture,  produced  successive  deflections  of  th* 
i.'!ilvuiiniiii[rr,  til,' iier'dle  coming  to  rest  at  zero  after  each  addition, 
as  ill  I  lu'  ■  :t~,'  1. 1'  till'  liirge  magnet. 

W  111  Ti  I  lie  iiia\iiiiiiiii  weiglit  which  the  magnet  was  capable  of  sus- 
taining was  rvmliiil,  and  a  real  movement  of  the  armature  ooni- 
mciici'd,  (lie  iiiilii'-cd  cnrrent  in  the  helix  of  the  electro- magnet  wan 
very  L'reatly  iiierenseil  by  the  addition  of  even  the  amallost  weight. 

Fiiiui  these  experinienla  it  may  be  inferi^d  that  in  like  manner  M 
tile  pass;ige  of  nn  electric  current  round  a  bar  of  iron  produCM 
e  Ion  gilt  ion  of  the   bar,  so  the  elongation  of  the  bar  pivdnces  in  jftt 
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tarn  an  electric  current  in  the  helix,  which  tends  to  strengthen  the 
magnetization ;  and  also  that  a  magnet  is  absolutely  stronger  nnder 
tension  than  when  at  rest. 

On  tlie  other  hand,  pressure  on  the  armature,  either  continuous  or 
flodden  and  momentary  (a  blow  for  example),  causes  an  electric 
carrent  in  the  helices  in  the  opposite  direction  to  original  magnetiza- 
tion, or  in  other  words,  against  magnetization  ;  tending  thereby  to 
weaken  the  power  of  the  magnet. 

The  58  lb.  magnet  in  closed  circuit  was  hung  by  its  armature,  and 
on  afterwards  connecting  its  helices  with  the  galvanometer  no  current 
c*oald  be  detected,  but  on  lowering  it  until  it  rested  with  its  whole 
weight  on  the  ground  a  current  in  the  direction  of  demagnetization 
was  produced,  giving  a  deflection  of  15^.  In  the  same  way  a  current 
in  the  direction  of  magnetization  was  obtained,  giving  a  deflection  of 
15**,  by  the  application  of  suflicient  strain  to  lift  the  magnet  off  the 
ground,  and  this  result  was  invariable.  The  degree  of  swing,  however, 
depended  upon  the  rapidity  with  which  the  magnet  was  either  raised 
or  lowered. 

It  may  be  remarked  that  whereas  any  very  slight  api>lication  of 
force  by  pulling  on  the  armature  was  sufficient  to  cause  a  current  in 
the  helices  giving  a  deflection  of  5"^  to  10°  of  the  galvanometer 
needle,  a  great  amount  of  pressure  is  necessary  to  produce  a  similar 
deBection.  A  slight  pull  with  the  finger  and  thumb  in  the  one  case 
Was  equal  to  the  pressure  of  a  hundredweight  in  the  otluT. 
.  By  the  momentary  removal  of  the  armature,  the  closed  magnetic 
circuit  is  broken,  and  though  bv  its  immediate  restoration  a  new  closed 
circuit  is  formed,  nevertheless  the  tension  on  the  molecules  of  iron  by 
tlie  magnetic  stress  is  very  greatly  reduced.  Under  these  conditions  a 
very  slight  pressure  upon  the  armature  produces  a  great  swing  of  the 
needle,  whilst  a  pull  produces  scarcely  any  effect  at  all  until  actual 
movement  of  the  armature  takes  place. 

U  the  preasure  on  the  armature  is  great  and  continuous,  a  point  is 
soon  reached  at  which  a  slight  pressure  is  no  longer  effective. 

The  effects  produceil  are  somew  hat  different  if  pressure  is  applied 
unequally.  For  instance  :  — A  weigh*  of  7  lbs.  placed  on  the  armature 
over  the  north  pole  of  the  oH  lb.  magnet  caused  a  current  in  the  helices 
giving  a  deflection  of  *20'attlie  giilvanometer.  The  same  weight  on 
the  south  pole  gave  the  siime  deflection  in  the  opposite  dirt^ction. 
Pressure  with  tlie  hind  pro  luced  like  swings  of  the  neetlle  pro- 
portionate to  the  force  usihI,  and  the  amount  of  swing  can  be  easily 
controlled,  and  the  needle  brought  to  rest  by  judicious  pres^un*  ou 
ttifeher  pole  of  the  magnet. 

If  a  lateral  pressure  be  applied  to  (me  side  of  the  armature  InrtwetMi 
the  poles,  and  the  nee«lle  swings  say  b  -.  on  removal  of  the  pnvsnn*,  a 
current  is  produced   in  the  opposite  direction,  and  the  reverse  swing 
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n  place  of  be  n         w  II  be  8  ,  and  so  on  in  proportion  to  the  omoiiBt  of 
f       e  mal     use 

No  e  of      e      o      men   ontd  effects  conld  be  shown  with  Uie  amull 
na  n  ts  un  e  u        and  it  was  not  found  possible  to  produce  a 

ecogn    ftb     cu  w  th  ot  actual  movement  of  the  artofttureB. 

Unie         t;   u         ncnBtances  the  attractivo  force  of  electro-DingueU 

n  c  o  ed  m  f^  cut  sfouiid  to  increase  with  lapseof  time.     Por 

tampte    — A  (J  shaped  electro- magnet   with  limbs  6  incheii 

lifr  ha    n^  a  of  J  nch  iroo,  and  helices  cotiBisting  of  four  layem 

t  No   lb         e         opper  wire,  when  excited  by  four  Buntien  cwIIm. 

uppo   *  !  a    a    n  na  nre  a  similar  (J-b'"'!'''''!  ""on  bar,  but  without  a 

1  0   X     po      t   t         at  «r  remained  firmly  attached  after  the  voltaic 

u      n     1     1       n     d    but  the  hanging  on  to  it  of  en  additional  weight 

f  J   b  z  t.  wrenched    it  away  from  the  electro- magnei, 

nd  I     k        e  magnetic  circuit. 

The    na  w  la        n  re  excited,  the  armature  being  fixed  to  the 

lectr  ty   b      g    held   in   contact  with    the    poles  whilst   mi 

letcu  fafw  secondB'  duration,  passed  through  the  cipco- 

lat  n  I  of  miinediately  attempting  U>  add  any  additional 

we  ^  o  U  a  were  left  banging  face  to  face,  in  the  fonn  of 

elk  I  f      twenty-four  hoars,  at  the  end  of  whioli  time 

e  t     f  oz   was  hung  on  and  auBtained.     Forty-eight 

on  o  al  weight  of  3  lbs.  10  oi.  waa  carefully  added. 

k  sQ  ta  ned.     Twelve  hours  afterwardif  1  lb.  more' 

w  up  the  entire  weight  to  8  Iba.  beyond  tbnt  of  the 

n  I  suffered  to  remain  for  five  days,  when  the  syatem 

as      k  I 

)n  occas  on  the  same   magnet  sustained   an  enlira 

1  ond  tl  at  of  the  U-^^^P""^  armature,  the  weight 

I  d  1  y  beginning  with   an  amount  welt  within 

u  1  e  electro -magnet  wire  in  closed  cirenit,  and 

u       add  tiona  made  with  intervening  intervals  of 

»    Yo  honra  to  several  days, 

\  U  magnet  was  likewise  eiperimentijd  on  ;  this 

■J    b«.  (5  oz.     Its  armature  was  a  strip  of  eoft 

nt,  th    polcp,  and  having  a  hook  in  the  centre,  ta 

1  be  ea     y  attached. 

aa  excited  by  the  passage,  for  a  few  Becondf, 

f   t  wo  one-pint  bichromate  colls.     On  breaking 

M  rmature  failed   to   sustain  4  lbs.      The  elmtric 

r  nnd  the  electro -magnei,  and  the  armnt'im 

i  po  es,  being  carefully  adjusted  bo  as  to  cover 

a    the  same  time  to  place  the  hook  precisely 

t  he  pul    should  be  fair  and  equal  when  a  wei^t 

i.\:ts  hung  upou  it.     By  this  careful  manipulation,  on  breaking 
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taot  wiib  the  biobromate  cells,  tbe  closed  magnetic  circuit  was  found 
d^ble  of  sustaining  the  4  lb.  weight. 

Bj  successive  additions  of  2  os.  weights,  made  at  intervals  of  a  few 
minutes,  the  weight  hanging  to  tbe  armature  was  raised  to  5  lbs.,  after 
which  the  attempted  addition  of  2  oz.  caused  the  disruption  of  the 
Bjstein. 

The  experiment  was  repeated  under  similar  conditions,  but  with 
slightly  extended  intervals  of  time  between  the  additions  of  the  2  ox. 
weights.  The  magnet  in  closed  circuit  was  made  to  hold  4  lbs., 
4^  lbs.,  4^  lbs.,  4  lbs.  14  oz.,  5  lbs.  2  oz.,  the  time  taken  in  all,  for 
the  successive  additions,  being  ten  minutes.  The  system  was  then 
left  for  twelve  hours,  when  by  additions  of  4  oz.  at  intervals  of  a 
few  minutes  the  weight  sustained  was  increased  to  6  lbs.  4  os.  Eleven 
hours  later.  Ibis  was  further  increased  to  7  lbs.  6  os.,  and  two  hours 
afterwards  to  8  lbs.  2  oz. 

A  still  smaller  electro-magnet,  weighinfi:  with  its  coils  5  oz.,  and 
having  an  armature  consisting  of  a  vcr}'  thin  slip  of  soft  iron,  when 
excited  by  one  of  the  bichromate  cells,  could  not  be  made  when  in  closed 
ciitmit  to  sustain  H  lbs.  at  the  moment  of  breaking  the  voltaic  circuit. 
It,  however,  sustained  1  lb.  with  case.  The  latter  weight  was  there- 
fore suspended,  and  the  cell  wires  removed  aH^er  the  closed  magnetic 
oircnit  was  completed.  By  successive  additions  of  2  oz.  weights  at 
short  intervals  of  time  (five  minutes  to  ten  minutes  each),  this  small 
magnet  could  bo  made  to  sustain  2  Ibi.  2  oz.,  but  the  addition  of  1  oz. 
beyond  this  weight  at  once  separated  the  armature  and  msgnet.  It 
was  thought  that  a  longer  interval  of  time  should,  as  in  the  former 
instances,  enable  the  magnet  to  sustain  a  still  greater  weight.  It  was 
therefore  brought  into  closed  circuit,  as  before,  and  made  to  sustain 
2  lbs.  2  oz.  in  the  manner  just  related,  and  was  thus  left  for  twelve 
hours.  Successive  additions  of  2  oz.  were  then  made  to  the  hanging 
weight  until  it  reached  2  lbs.  14  oz.  Twenty-four  hours  afterwards, 
4  OB.  more  were  added,  bringing  the  entire  weight  suspended  to  50  oi. 

This  small,  soft  iron  magnet  which,  at  the  instant  the  voltaic  current 
withdrawn,  was  totally  unable  to  sustain  five  times  its  own  weight, 
thus,  by  gradual  growth  of  its  magnetic  force,  enabled  to  hold  ten 
times  its  own  weight. 

In  the  course  of  these  experiments  it  was  remarked  that  the  longer 
the  period  the  Roft  iron  remained  in  clo^i(^d  magnetic  circuit  the  more 
magnetically  ductile  did  its  molecnifs  appear  to  become.  An  electro- 
magnet, which  had  been  for  a  few  days  in  closed  circuit,  could  after 
rupture  of  the  circuit  be  made  to  sustain  weights  in  a  fresh  closed 
circuit  at  much  shorter  intervals  of  time  than  if  it  was  magnetized, 
after  being  for  some  time  with  its  |>olcs  uncovere<!.  The  direction  of 
the  battery  current  with  reference  to  the  residual  magnetism  of  the 
electro-magnets  appeared  to  be  of  no  moment.     A  magnet  which  had 
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Ijifu  loFt  fur  Homi)  time  with  its  poles  uncovered  bad  less  residual 
ijiugiL(;tbm  after  ii  momeatniy  carrent  had  paiised  Ihroogh  its  b<?lioes, 
tliivii  aiKitlier  in!ig[iet  which  had  been  in  active  closed  circuit,  even  if 
1  lie  battery  curreut  had,  in  the  latter  case,  to  overcome  a  cunaiderable 
nmoiint  of  rusidufti  magnetism. 

We  found,  mureovcr,  that  soft  iron  magnets  retain  their  residnil 
miignetisni  lunger,  and  are  capable  of  acquiring  increased  magneti&a- 
111)11  miiL-h  nioLf;  nip  Idly  after  having  buen  bearing  weigbls  (thereby 
kccpini;  tlit'  iron  iti  a  state  of  strain),  than  if  they  bare  heea  left  in 
llitir  niirrri:il  condition  and  without  bearing  any  weight  at  all. 

Till.-  ciiiiiliiiiiiis  under  whioh  the  closed  magnetic  circuit  rotaine  its 
fixre  iifi-  iii>t  yi't  rlenrly  established. 

With  tjif  r.4  III,  iitiignet  a  snccesaion  of  gentle  taps  struck  vertically 
nilli  a  WDiiik'ii  Miullot  upon  the  centre  of  the  armatuif,  while  reatinif 
nil  till;  inrif;ni't  in  (•losed  circuit,  in  a  very  few  moments  completely  di»- 
.-ipiitud  the  magnetic  force  so  faros  the  sustaining  power  of  the  ma^et 

Rt'iiioviil  Dfuiiy  portion  of  the  weight  suiipended  to  the  armatare  of 
:i  iniiL;iu't  liiuiL'  uj)  in  closed  circuit  likewise  tends  to  dissipate  the 
r.iiw  of  tin-  .-iirnit.  For  example  :— Half  an  honi-  after  the  removal  of 
;i  ivi'jfjilt  of  In  llis.,  which  had  been  snspended  to  the  armatTiro  of  ft 
IJ  m;n.'iict  l'<ir  t\M.'rily.one  days,  the  armatnre  fell  off  on  receiving^K 
~liglit  toiicli.  Ill  another  experiment,  a  U  magnet,  which  was  capKbM 
III'  siisiiiiiiiii^'  /III-;..  iLiid  which  had  actually  been  suspending  41te^ 
\\;is  Itt't  loi-  two  miJiiths  with  the  armatai-e  on  only,  the  weight  haviap 
liri'ii  ii'iiiKvcil ;  at  tiie  end  of  that  time  a  very  slight  shiike  was  Buffii> 
I'ii'iil  111  iviiiM'  tlif  tirmature  t<:i  fall  off.  Mnny  other  examples  might  bft 
ijii'ilrd  lo  ^liinv  th;ti  release  from  strain  diminishes  the  magnetic  forct 

III  ilii~i'  •'\|ii-i'iriu'iits,  in  which  the  closed  magnetic  circuits  bill 
-ivi  11  ^^av.  t!><.'  Soil  icon  had  been  in  a  state  of  strain  from  whielkih' 
linil  li,.  u  ii'!iM--.(l  by  the  removal  of  the  suspended  weight*.  Bnt 
M  lien  III!  ^^■  iL;li[-.  vi ere  Iiung  upon  the  armature,  and  the  iiBH  had 
I  ivi  r  I'l  .11  ill  ;i  ^t.ile  of  magnetic  tension,  the  closed  magnetic  circuit, 
•-I.  I'll-  Iniiii  i|iijiirii~hing,  ineruased  in  force.  The  58 lb.  magnet  was 
I  \-;iiil  11, ill  :i  i-iili:iic  current  so  feeble,  that  although  the  miwiat 
.■iiiijil  I"-  iiiii.l  In  ilh'  iifmiituro  in  closed  circuit,  yet  great  cars 
[L,-,T— :ii-y  ;.i:ii  till'  lii'i,  shuiiid  bo  exactly  vertical;  and  very  little  foivfr' 
.,;l^  .■.■.|iini..i  1.1  ~|..|,i  the  armature  off  the  p.dca.     After  the  lapao  of  *.' 

1 Ill  "I"'  .i:iii,i' !ir.'  will  MO  tirnily  held  that  the  utmost  exertioo  of 

iii.itLii.il  i.ir,-r  i-.piii  1   iii.t  stir  it.  by  a  sliding  movement,  and  tli 

,i,,,,'ri:  1  i-ii!.l  I"'  rni^eil  from  the  groand  even  if  tilted  as  much  as  W" 

'I'i,.'  rii.i'.-iii'ii-Ni  iif  the  closed  circuit  of  the  581b.  magnet  dii^appoBM^ 
:i!ii'r  r<iii'ui'.  <1  up  ai'd  duwu  movementA  of  either  one  or  boUi  of  «■ 
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helices,  provided  the  ends  of  the  helix  wires  are  connected  together 
either  singly  in  two  separate  circuits,  or  together  in  one  continnons 
oironit  Every  np  or  down  movement  of  either  of  the  helices  prodaces 
currents  in  the  wires  either  for  or  against  magnetization,  which 
currents  apparently  so  disturb  the  molecules  of  the  iron  tliat  the 
fixity  of  their  original  magnetic  direction  is  lost. 

In  like  manner  as  the  movements  of  the  armature,  or  the  increased 
or  diminished  tension  of  the  iron,  produce  currents  of  electricity  in 
the  helix  wires  surrounding  the  magnets  :  so  the  movements  of  the 
helices  produce  currents  of  electricity  which  may  either  magnetize  or 
demagnetize  the  iron.  With  the  58  lb.  magnet  in  closed  circuit,  the 
two  ends  of  one  of  the  helices  being  connected  to  the  galvanometer, 
and  the  two  ends  of  the  other  helix  being  connected  with  each  other, 
the  latter  helix  is  moved  towards  the  armature,  a  current  is  produced 
in  the  galvanometer  helix  which  shows  a  fall  of  magnetization.  On 
moving  the  same  helix  away  from  the  armature,  a  current  is  produced 
in  the  direction  of  magnetization. 

In  another  experiment  80  yards  of  No.  16  covered  copper  wire, 
with  its  ends  connected  together,  and  so  coiled  that  it  could  be  moved 
freely  from  pole  to  pole  over  the  armature,  was  placed  on  one  limb  of 
the  58  lb.  magnet  and  the  closed  circuit  established.  Both  helices 
werr  then  brought  into  continuous  circuit  through  the  galvanometer. 

On  movement  of  the  coil  of  wire  from  south  limb  to  the  north  limb 
of  the  magnet,  a  current  was  produced  showing  an  increase  of  mag- 
netisation. On  moving  the  coil  in  the  opposite  direction,  i.e.,  over  the. 
north  limb  pole,  and  on  to  the  south  one,  the  current  is  reversed,  and 
is  in  a  direction  which  would  cause  demagnetization. 

It  appears,  therefore,  that  any  interference  with  the  lines  of  force 
about  a  magnetic  circuit,  means  an  intei'ference  with  the  magnetic 
circuit  itself ,  and  points  to  the  possibility  of  building  up  magnetic  force 
of  magnets  by  the  mere  movement  of  wires  in  these  lines  of  force, 
though  the  coils  moved  need  not  of  necessity  be  connected  with  the 
helices  surrounding  the  magnets. 


VIL  *'  Some  fiirther  GbHorvatioiiB  on  the  Influence  of  Electric 
Light  upon  Vegetiition."  By  C.  WiLLlAM  SIEMENS,  D.C.L., 
LL.D.,  F.R.S.     Received  March  18,  1880. 

When  upon  the  4th  of  March,  I  presented  to  the  Uoyjil  Society  a 
paper  on  the  above-named  subject ,  I  was  able  to  show  by  t  he  result  of 
experiment  the  effect  of  radiation  from  the  electric  arc  in  promoting 
the  formation  of  chlorophyll  within  the  leaf -cell  of  plants,  and  in 
bvonring  vigorous  and  continuous  growth. 

I  ventured  to  expn^s  hu  opinion   that  th(»  ri|H'nintr  of  fruit  would 
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bi!  accelerated  by  the  eame  agency,  bnt  proof  thereof  was  then  want- 
ing. A  continuation  of  my  eiperiments  has  forniahed  interesting 
evidence  tliat  the  electric  arc  is  aJso  effica'.'ioaB  in  hastening  the 
ripening  process  in  BtrawberrieB,  and  probably  in  neajly  every  descrip- 
tion of  flTlit. 

Several  plants  of  early  strawberries  in  pota  were  divided  iw  before 
into  two  groups,  the  one  to  be  snbjected  to  the  action  of  daylight  only, 
and  the  otlier  to  Bolnr  light  during  the  day  time,  and  to  electric  hght 
during  the  night.  Eoth  groups  of  planta  were  placed  below  glass  at 
temperatures  varying  from  65°  to  FO"  F.,bnt  those  that  were  to  receive 
daylight  onlj  were  shielded  from  the  effect  of  the  electric  light  dnricg 
the  niirht  by  mattiuf,' 

At  the  commencement  of  the  experiment  the  strawberry  plants 
stkcted  ^^ere  just  sictting  fruit  being  still  partly  in  bloom.  After 
ei^ht  da\  3  the  fruit  on  the  plants  exposed  to  electric  light  had  swelled 
\ery  much  more  than  on  tlie  others,  some  of  the  berries  beginning  to 
show  aign=  of  iipeumg  The  experiment  Tiaa  intermpted  for  two 
ntglits  at  this  stagi  but  after  the  electnc  lijfht  was  resumed,  Vfiry 
r-k]«d  pio^j'uss  towaids  npenmg  was  obaeivablc  so  that  with  four 
di}-!  Lontmuous  e\poeure  to  both  day  and  elfttriL  light,  the  greater 
numbLF  of  the  berries  had  attained  to  nptneBH  and  presented  a  rich 
Lolounng,  nhile  the  fruit  on  those  plants  thitt  had  been  exposed  to 
daylight  only  had  bj  this  time  scarcely  begun  to  show  even  a  sign  of 

Ihi-,  cxiicnment  goes  to  show  that  the  electric  light  is  very  effio^ 
Lious  lu  piomotni^r  the  formation  of  the  sacebanne  and  aronutia 
mittii  up  II  ^\lii.b  the  ripening  and  flavour  of  fmit  depends;  and 
if  c\pLiiLnct  hhimUl  confirm  this  result  the  horticulturist  will  lutTIS 
the  inians  of  jiiikiug  himbell  practically  independent  of  solar  li^hb 
lot  proclut  ing  I  higli  quality  of  fruit  a(  all  seasons  of  the  year. 

I  w  1  sti"iu  h(  M  y  plants  arc  placed  before  the  meeting  iilustrativB  of 
till  nsiilt  li.u  .kscnbtd 

Mtliinuh  I  line  shown  that  in  employing  a  lamp  of  1,400  candle 
]Kmf  r  1  di  t  lint  of  3  mctri-s  produces  a  masimam  beneficial 
ii-ult  I  11  M_i1iluni  the  effect  is  nevertheless  \ery  marked  npon 
pi  ml-'  it  ^1  it(  (listinccs  This  influLneo  at  a  distance  was  iUHBi- 
tt  iti  I  111  1  V  c\]icimients  by  the  tondition  of  three  melon  plonite 
to"  11  U  1 1  Ij  u  k  <  f  the  house,  whitli  throve  rtmarkably  well  for  ft 
[>M  I  1  i  il  lit  I  f  ituight  during  which  the  electric  light  wtt 
pi  I  I  I  111  1  lit  c  (  1!  house  at  a  distance  of  from  5  to  6  metres  b<ena- 
Ih  1 1  III  -  I  lit  ( ItLinc  light  WHS  then  rerao\ed  in  front  of  the  otiur  ■ 
1 11 1  1  I  ill  -iiiii  liDust  thus  depriving  the  plants  in  qoestion  of  ttl 
inlliKiKt,  »ii<i  inIi]  h  time  the}  havt  coutinaed  their  growth,  bnt 
sliu»  u  v  i>  ditulttl  falling  off  in  size  and  colounng  of  the  leaves  tlwl 
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In  reply  to  the  questions  that  have  been  freqaentlj  asked  regarding 
the  cost  of  maintaining  an  experimental  electric  light  of  1,400  candle- 
power,  snch  as  I  have  used  in  these  experiments,  I  may  state  that  the 
8  horse-power  Otto  gas  engine  employed  in  driving  the  djnamo- 
maohine,  consumes  nearly  900  cabic  feet  of  gas  during  the  night  of 
12  hours,  or  75  cubic  feet  an  hour  (including  7  cubic  feet  of  gas 
employed  by  the  igniting  burner)  which,  at  3«.  6(f.  per  1,000  cubic 
feet^  represents  a  cost  of  a  little  over  3c^.  an  hour,  or  with  the  carbons 
JUL,  an  hour.  This,  however,  does  not  include  superintendence  or 
incidental  expenses,  the  amount  of  which  must  depend  upon  the 
circamst{mces  of  each  case.* 

The  Society  then  adjourned  over  the  E^tcr  Recess  to  Thursday, 
April  8th,  at  half-past  four  in  the  afternoon. 
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Lcjudiiii : — llowaixl  Association.     Report  1879,  and  five  pamphlets. 

y^».  l.n,„ln.,  1879-80.  The  Association. 

Mulhi'matiL'iil  Society.     Proceedinga.  Nob.  15.3-i5.  8vo. 

The  Society. 

lloyal  I'nitcd  Service  Institution.     Journal.    Vol.  XXIII.    No. 

I(p:i.  Svo.  L'^mhm  1880.  The  Institution. 

Vicliiria   Insiitute.      Journal   of    the    Transactions.    Vol.    XTTT, 

No.  :■■>.  i<v„.  Lowhn  1880.  The  Institnta.. 

Mclbiiurrii.' : — Zoolojrical  and  Acclimatization  Society.    Proceediuga.. 

V..I.  II.  «vo.  Mell'onnte  1873.  Sir  "         >\  WOam.  ■ , 

Pill-is: — Association     Fran^aise    poor  I'Avanco         ;   i 
Couiplcs-lUudus.  1872-78.  8vo.  Paria  187a-/l>. 

The  i   laociftUoKiFj 


1880.]  Presents.  299 

Transactions  (continued). 

Sydney: — Linnean   Society  of  New   Soatli  Wales.      Proceedings. 

Vol.  IV.  Parts  1  and  2.  8vo.  Sydney  1879.  The  Society. 

Royal  Society  of  New  Sontli  Wales.     Transactions.  Vols.  VII  to 

XII.  8vo.  Sydney  1874-9.  Professor  Liveraidge. 

Vol.  XII.  8vo.  Sydney  1879.  The  Society. 


Observations  and  Kei)ortH. 

Bombay: — Report  on   the   Administration   of   tlic   Meteorological 
Department  in  Western  India.   1878-79.  8vo.  Bombay  1879. 

The  Meteorological  Reporter. 
Calcutta : — Gcologiciil  Survey.     Memoirs.  Vol.  XVI.  Part  1.  8vo. 
Calcutta  1879.  The  Survey. 

Geneva  : — Determination  Telegraphique  de  la  Difft'rence  de  Longi- 
tude eiitrc  Geneve  ct  Strasbourg.    4to.  Geneve-Bale-Lyun  1879. 

The  Ob«er\'atory. 

India: — Registers  of  Original  Observations  in  1879,  reduced  and 

corrected.  4to.  The  Meteorological  Office. 

Sydney: — Council  of   Education.     Report  upon  the  Condition  of 

Public  Schools  1878.  8vo.  Sydney  1879. 

The  Royal  Society  of  New  South  Walesi 

Mines  and  Mineral  Statistics,  Notes,  <S^c.,  prepared  in  connexion 

with  the  New   South   Wales  International  Exhibition.     8vo. 

Sydney  1875.     Annual   Reports  of  the  Department  of  Mines. 

1875-G-7.  8vo.  Sydney  187(5-78.  Professor  Liversidge. 

Sewage  and    Health   Board.      Reports.    187r>-77.    4to.    Sydney 

1875-77.  Professor  Liversidge. 

Wellington : — Statistics  of  the  Colony  of  New  Zealand  1878.     4to. 

WeUiwjton  1879.  The  Registrar- General  of  New  Zealand. 

Zi-ka-wei : — Observatoire.     La  Lumiere  Zodiacale  etudiee  d*apres 

les  observations  faites  de  1875  a  1879.  4to.  Zi-ka^wei  1879. 

The  Observatory. 

Journals. 

Gardener's  Chronicle.     Select  Index  of  Plants  recorded  from  1841 

to  187!i?.     Abe  -  Hyb.  folio.  The  Editor. 

Journal  of  ^ledicine  and  Dosimetric  Thempcutics.     Nos.  1-3.  8vo. 

London  1880.  The  Editor. 


Cialdi  (A.)  Note  sur  les  Mules  a  Piles  et  Ai'ceaux  dans  les  Ports  k 
Bassin  sur  I'usage  qu^en  ont  fait  les  Romains.  8vo.  Saint^Germain 
1879.  C.  W.  Merrifiold,  F.R.S. 
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Liveisidgo    (A.)     Disease   in 
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Transactions  (continued), 

Sydney: — Linnean   Society  of  New   South  Wales.      Proceedingp. 

Vol.  IV.  Parts  1  and  2.  8vo.  Sydney  1879.  Tlie  Society. 

Royal  Society  of  New  Sonth  Wales.     Transactions.  Vols.  VII  to 

XII.  8vo.  Sydney  1874-9.  Professor  Liversid^. 

Vol.  XII.  8vo.  Sydney  1879.  The  Society. 


Observations  and  Reports. 

Bombay: — Report  on  the   Administration   of   the  Meteorological 
Department  in  Western  India.   1878-79.  8vo.  Bombay  1879. 

The  Meteorological  Reporter. 
Calcutta : — Geological  Survey.     Memoirs.  Vol.  XVI.  Part  1.  8vo. 
Calcutta  1879.  The  Survey. 

Geneva : — Di^temiination  Telegraphique  de  la  Difference  de  Longi- 
tude entre  Geneve  et  Strasbourg.    4to.  Qeii  eve-Bale -Lyon  1879. 

The  Observatory. 

India: — Registers  of  Original  Observations  in  1879,  reduced  and 

corrected.  4to.  The  Meteorological  OflBce. 

Sydney: — Council  of   Education.     Report  upon  the  Condition  of 

Public  Schools  1878.  8vo.  Sydney  1879. 

The  Royal  Society  of  New  Sonth  Wnles. 

Mines  and  Mineral  Statistics,  Notes,  &c.,  prepared  in  connexion 

with  the   New   South   Wales  International  Exhibition.     8vo. 

Sydney  1875.     Annual  Reports  of  the  Department  of  Mines. 

1875-6-7.  8vo.  Sydney  1876-78.  Professor  Liversidge. 

Sewage  and   Health   Board.      Reports.    1875-77.    4to.    Sydney 

1875-77.  Professor  Liversidge. 

Wellington : — Statistics  of  the  Colony  of  New  Zealand  1878.     4to. 

Wellington  1879.  The  Registrar- General  of  New  Zealand. 

Zi-ka-wei: — Observatoire.     La  Lumiero  Zodiacale  etudiec  d'apres 

les  observations  faites  de  1875  k  1879.  4to.  Zi-ka-wei  1879. 

The  Observatory. 


Journals. 

Gardener's  Chronicle.     Select  Index  of  Plants  recorded  from  1841 

to  1878.     Abe— Hyb.  folio.  The  Editor. 

Journal  of  Medicine  and  Dosimetric  Therapeutics.     Nos.  1-3.  8vo. 

London  1880.  The  Editor. 


Cialdi  (A.)  Note  sur  les  Moles  k  Piles  et  Arceanx  dans  les  Porta  k 
Bassin  sur  Tusage  qu*en  ont  fait  les  Remains.  8vo.  Saint-Oermain 
1879.  C.  W.  Merrifiold,  F.B.S. 
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THE  PRESIDENT,  followed  by  Mr.  WARREN  DE  LA  RUE. 
in  the  Chair. 


I  were  laid  on  the  table,  and  thanks  ordered 


The  fullowini;  Papers  were  read  :- 


■  Niiti-  OIL  TluTinal  Transpiration."     By  0.  REYNOLDS,  F.R.S., 

I'nifcK-^iir  ut"  Engineering  in  Owens  College,  Moncheatcr. 
lii  ;l  l.ittiT  tn  Professor  Stokes,  Sec.  K,S.  Comtnunirated 
by  PiMirsM.r  c.  G.  Stokes.    Recwved  October  2,\  1879. 

Owens  College,  23rd  Ootolier,  1879. 

Iian-  jii-it  rci'cived  a  copy  of  a  paper  by  Profeaaor  Mnswell  from 
'■  I'liiliMi|)lii(Ml  Ti-ansftctions  of  the  Royal  Society,"  read  April  11^ 
'.-i.  -(hi  Ml,.  Sfn'.'ises  in  Rarefied  GaEes."  To  this  paper  I  find  tlu^ 
TV  is  ;lii  ii|>]i<'n<liK  added  in  May,  1879,  in  the  coime  of  whieh  Ilfl 

rs  III  ui\   iiivi  stJLMtion  in  the  following  words  : — 

''I'lii^    |i}m- 1  mm,   to  which    Professor    Rt-ynohlB  Las  given  thft 

111'  111  Tin  I'ltiiil  Tr;iin])irntion,  was  diseoverod  entirely  by  him.  .  ,  . 
,i;L-  iii.i  iill  mIIi'i-  I  bnd  road  Professor  Reynolds's  paper  thatlbegau 

riiiu-i  111'  I  111'  >iii-r:ice  cimditiimB  of  a  gas,  ao  that  what  I  have  donS  ■ 
iiii[il\  t.i  [Miinl  ii>  tin-  surface  phenomena  the  method  whioh  I  thiok 
si  hiiit.ililr  fill-  Iri'iiting  the  interior  of  the  gas.  1  think  that  tlAl 
fli'iil  i--.  ill  Minii'  respects,  better  than  that  adapted  by  ProfesBOT' 
uiiiliN.  nliiU'  I  ii'liiiit  that  his  method  is  sutlicient  Ut  e»^Ublish  Itw 
-tfiier  •>(  ilie  [ilii-immena,  though  not  to  afford  on  i  o  of  tb«ir 
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y  paper  does  not  contain  a 
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what  is  in  the  paper  to  enable  a  reader  to  form  a  fair  jndgment  of  the 
relative  merits  of  the  two  methods,  I  ventare  to  reqaest  those  inte- 
rested in  the  subject  to  withhold  their  opinion  until  thej  have  an 
opportunity  of  reading  m  j  paper.  In  the  meantime  I  can  only  express 
my  opinion  that  Professor  Maxwell  is  mistaken  in  supposing  that  the 
results  which  are  obtained  from  his  method  are  more  definite  than 
those  to  be  obtained  by  mine. 

His  method  only  applies  to  a  particular  case,  and  the  equation  which 
he  has  given  is  identical  with  that  which  1  have  given  for  this  parti- 
cular case. 

The  particular  case  treated  by  Professor  Maxwell  is  the  extreme 
limit — when  the  tube  is  large  as  compared  with  the  distances  between 
the  molecules ;  he  does  not  deal  at  all  with  the  other  limit — when  the 
distances  between  the  molecules  are  large  as  compared  with  the  tube. 
Whereas  I  have  given  definite  values  for  the  coefficients  in  both 
limits,  as  well  as  indicating  the  manner  in  which  the  coefficients  vary 
between  these  limits. 

It  so  happens  that  the  case  in  which  the  tube  is  large  as  compared 
with  the  molecular  distances  is  one  in  which  the  results  are  too  small 
to  be  experimentally  appreciable,  and  hence  Professor  Maxwell's 
method  does  not  explain  any  of  the  actual  experimental  results. 

In  order  to  explain  the  experimental  results  obtained  with  porous 
plates.  Professor  Maxwell  has  reverted  to  Graham's  assumption  that 
fine  plates  act  as  apertures  in  thin  plates,  while  the  coarse  plates  act 
like  a  tube,  an  assumption  which  my  experiments  show  conclusively  to 
be  unnecessary  and  erroneous,  the  only  sensible  action  in  either  case 
being  that  of  tubes,  and  hence  the  phenomena  of  porous  plates  is  that 
of  transpiration  and  not  effusion. 

I  remain 

Yours  truly, 

Osborne  Reynolds. 
Fbofessor  Stokes,  F.R.S., 

Secretary  to  the  lloyal  Society. 

Note  hy  the  Communicator, 

In  communicating  the  above  letter  to  the  Royal  Society,  in  accord- 
ance with  Professor  Reynolds^s  wishes,  I  would  beg  permission  to  add 
a  few  remarks. 

Professor  Maxwell  did  not  profess  to  treat  more  than  the  two 
extreme  cases,  constituting  what  Graham  called  respectively  transpi- 
ration and  diffusion.  His  statistical  method  applies,  indee<l,  only  to 
the  first  of  these  limits ;  but  ho  has  dintinctly  considered  the  second, 
following  a  suggestion  of  Sir  William  Thomson's.  It  is  true  that  at 
the  first  limit,  as  Professor  Reynolds  remarks,  the  results  are  too 

Y  2 
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Kmall  to  be  i?\|icrimf}iilally  appreciable  ;  bat  this  was  distinctlj  stated 
by  ProfcRsoi'  ilaxwfll  himself,  at  the  foot  of  p.  256. 

As  to  the  si'pojid  limit,  I  muat  remark,  in  the  first  place,  that  I  can. 
not  find  that  Gr^hnm  made  any  asHumption  thnt  porons  plates  aet  as 
iijKTtnreB  iii  thin  platea.  The  resalt  that  the  time  of  passaffe  varies, 
cti'lfiis  ■piiribm,  ns  the  square  root  of  the  doiisity  in  tlie  case  of  fine 
porous  plittt's,  waa  obtained  by  pnre  experiment;  and  though  he 
could  not  fail  to  notice  the  accordance  of  this  result  with  that  o(  the 
mere  hydrudynamical  passage  through  a  small  aperture,  he  has  care- 
fully distinguished  between  the  two.  Nor  can  I  agree  with  Professor 
Reynolds  in  regarding  the  esplanation  given  by  Professors  Thomson 
and  Maxwell  of  the  phenomenon  of  thermal  transpiration  or  thermal 
effusion,  whichever  it  be  called,  afforded  by  assimilatiDg  a  fine  porouii 
plate  to  a  thin  plate  pierced  by  apertures  of  ideal  fineness  as  erroneons, 
even  though  it  should  be  shown  that  such  assimilation  is  anneceaaary. 
Professor  llaxwejl  did  not  profesa  to  treat  in  his  paper  the  inter- 
mediate  cases  bt>tweon  the  two  extreme  limits. 

Perhaps  I  sbiinld  mention,  that  the  fofit-note  at  p.  281  in  Professor 
Maxwell's  pnpcr  was  adiled  as  the  paper  passed  through  the  press.  I 
recollcut  noticing  the  thing  a.s,  in  my  capacity  of  Secretary,  I  looked 
over  the  ]Kiper  before  sending  it  to  be  prinf«d  off,  and  considering 
whether  I  should  allii  a  date.  As,  however,  it  seemed  to  me  to  con- 
tain merely  an  eii>bination  of  an  expression  in  the  text,  and  as  Maxw^l, 
who  had  ciLTffullj-  iidded  the  dntea  of  fresh  matter  in  other  parts,  did 
not  Hoem  to  have  tbmght  it  necessary  to  do  so  in  this  ease,  I  left  itu 
it  was.  In  a  h'ttcr  I  received  from  him  at  the  time,  he  informed  ms 
that  ho  fi'lt  very  ill,  and  waa  hardly  fit  even  to  go  through  his  own 
[lapcr:  llniit'li  a  suliscqiient  letler,  in  which  he  entered  into  some 
scieiililie  iiLallcrs  wiis  written  in  his  nsiial  cheerful  style.  No  ona 
t  I  hilt  time  any  notion  of  the  very  serious  nature  of 
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On  till'  Siiisitive  State  of  Vacuum  DischargeB.  Part  Bti" 
\W  W  ii.i  [  \M  SpnTTiswooDE,  D.C.L..  LL.D.,  Pres.  R.S..  and 
.1.  I''i,i.ii  liiR  JIorLTON,  late  Fellow  of  Christ'a  College^, 
;j,u.il.ii.l^v.     ItL'ceiveil  March  11,  1880.  "*" 

(Abstmct.) 

is  p;i]i<r  forms  a  Bcqnel  to  that  published  under  the  same  title  IB 
I'liil.  TraiLS,,"  lb~y,  p,  1G5.  It  describes  a  continuation  of  UiQ 
'ch  into  the  uature  and  laws  of  the  disrnptive  discharge,  or  fli 
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trie  spark.  The  methods  of  the  earlier  paper  have  been  extended,  and 
others  adapted  to  the  new  circumstances  have  been  devised,  in  order 
to  carry  the  investigation  into  high  vacoa.  In  particular,  independent 
sources  of  electricity  have  been  used  for  affecting  the  discharge, 
whether  in  the  sensitive  or  in  the  non-sensitive  state  ;  and  the  results 
have  been  confirmatory  of  the  conclusions  derived  from  the  more 
limited  means  formerly  described.  Farther,  the  effects  of  various 
tubes  containing  discharges  in  the  sensitive  state  upon  a  tnbe  con- 
taining a  discharge  in  the  non-sensitive  state  have  been  observed 
and  compared;  and  the  tube  so  used  as  a  test  has  been  called  the 
standard  tnbe,  and  the  method  of  its  use  the  standard  tabe  method. 
By  this  means,  principally,  the  laws  of  the  discharge  in  comparatively 
moderate  vacua  have  been  extended  to  high  vacua. 

In  the  higher  vacua,  the  phenomena  of  molecular  streams,  and  the 
phosphorescence  consequent  on  them,  that  have  been  studied  and  de- 
scribed by  Mr.  Crookes,  present  themselves.  These  derive  great  im- 
portance for  the  purposes  of  the  present  paper  from  the  fact  that  in 
high  vacua  the  ordinary  luminous  discharge  becomes  so  feeble  in 
appearance  that  it  is  often  dithcult  to  observe.  Under  these  circum- 
stances the  phosphorescence,  which  like  the  ordinary  luminous  effects 
may  exist  either  in  a  sensitive  or  in  a  non- sensitive  state,  forms  the 
best  index  of  what  is  going  on  within  the  tube.  Much  information  as 
to  the  nature  and  procedure  of  the  discharge  may  be  derived  from  the 
mode  of  interference  of  one  molecular  stream  with  another,  from  the 
direction  and  character  of  shadows  cast  by  these  streams,  and  by  a  form 
of  interference  which  has  here  been  called  that  of  virtual  shadows. 

The  conditions  of  pressure  and  of  electrical  violence,  under  which 
phosphorescence  is  produced,  have  been  carefully  studied ;  and  it  has 
been  found  that,  with  a  suitable  adjustment  of  the  discharge,  the 
phenomena  are  not  confined  to  high  vacua,  but  can  be  obtained  under 
pressures  much  exceeding  those  of  ordinary  vacuum  tubes.  The  phe- 
nomena of  these  molecular  streams  have  also  been  compared  with 
those  exhibited  by  the  projection  of  finely  divided  solid  conducting 
matter  when  heaped  up  over  the  negative  terminal,  with  the  view  of 
ascertaining  the  nature  of  the  phenomenon  and  its  position  in  the 
discharge. 

At  the  close  of  the  paper  the  authors  have  discussed  some  of  tlie 
general  conclusions  which  they  think  may  be  fairly  drawn  from  their 
present  researches.  First,  as  to  the  relative  order  of  magnitude  of 
the  time-quantities  entering  into  the  discharge  ;  e,g.^  the  times  occupied 
by  the  discharge  of  positive  or  negative  electricity,  or  of  molecular 
streams^  in  leaving  a  terminal ;  the  time  occupied  by  the  same  ele- 
ments in  passing  along  the  tube,  kc.  Secondly,  as  to  the  durational 
character  of  the  negative  as  compared  with  the  positive  discliargc, 
which  appears  to  increase  with  the  degree  of  exhaustion.     Thirdly,  as 
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April  15, 1880. 

THE  PRESIDENT  in  the  Ch.iir. 

The  Pi'caents  I'cceived  were  laid  )lo  aud  tlinnks  ordered  for 
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TUf  following  Papers  were  read  :— 


I.  ■■  l)oscvi|ilioii  of  some  Remains  of'  o  Oi^aiitic  Land-lizaid 
(M.'wl.onn  prUca,  OwENJ  from  A  .afcrnlia.  Part  11."  Bj: 
Prol'rssor  OwEM,  C.B.,  F.R.S.     R.      ivecl  March  22,  1880. 

(Abstract.) 

Itffonitii.'  tn  ii  farmer  Part  ("  Phil.  Trans.."  18.58,  p.  43)  the  anthoe 
'jive.':,  ill  till'  jirest'iit,  descriptions  of  subset) ui'i it ly  received  fossils  of 
Mi^/iil'iiii'.'  jn'i^f'',  nilvancing  the  knowledge  of  thut  species  of  larga 
(■\liiiet  liziinl.  CluiracterB  of  the  dorsal,  sacnil,  and  caudal  vertebra^ 
uiili  thriM'  ijf  ii  considerable  portion  of  the  skull,  are  detailed.     So 
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5  preserved  slio 
lith  horn,  as  in  the  to 


vs  the  species  to  hare  hAd 
lisG.     U]M>ii  the  head  wam 
i  they  are  defined  as 
post-orbital  "   pairs  ;   the 


.(  veil  lii^rii--.  thri'c  iu  pairs  and  one  sinj 
■■  -ii|n-;i|i;i(i.i;il,''  "  suprateraporal  "  and 
•-LiLL'l''  ;iii.l  --v  iniiiclt'icai  horn  is  "  nasal." 

Ill  iln-  c..iti|>;uisnii  of  tliis  character  with  the  known  genera  of 
ll/.:ii'ils.  till'  iiiiilii>!'  liiids  the  closest  correapondonco  in  the  dinunatipa 
,  x-jstiii-  Aii>trali;iii  species,  Moloch  horHdu$,  Gray.  Uo  concludes  with 
x'liiiii'ks  oTi  ilif  piMbablc  habits  and  conditions  of  extinction  of  tlie 

si.l.jrct  "f  hisuv.i  iM.pers. 

Till'  cniiiial  fiissils  were  discovered  by  George  Frederic  Bennett, 
Ksq,,  Cirr,  Mriiiber  of  the  Zoological  Society  of  Lond-n,  in  tho  bod  rf 
■•  Kiri'.;"s   Cri'i'k."  Qiicfnsland,  Australia;  and  were  Led  to  tlie 

author  liv  Ci-iii'yu  IJenuctt,  M.D.,  F.L  S. 


LU   UIQ 
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11.  **  On  ail  Electro-Magnetic  Gyroscope."  By  M.  Wilfrid  de 
FoNViELLE.  Communicated  by  the  President.  Received 
April  15,  1880. 

I  have  the  honour  to  snbmit  to  the  Royal  Society  of  London  an 
apparatus  which  I  have  invented,  after  having  witnessed  an  experi- 
ment by  M.  Dieudonu6  Lontin. 

The  original  Lontin  experiment  consists  in  the  rapid  and  continaoos 
rotation  of  a  magnetised  steel  needle,  placed  under  the  influence  of 
the  currents  of  a  peculiar  induction  machine. 

The  object  of  my  apparatus  is  to  give  a  movement  of  rotation  in  a 
horizontal  plane,  not  only  to  a  needle,  but  to  any  moveable  piece  of 
iron  which  is  symmetrical  in  reference  to  its  axLs  of  rotation.  It  is 
consequently  composed  of  (1)  a  vertical  coil,  which  1  have  made  rec- 
tangular, but  is  susceptible  of  receiving  any  form ;  (2)  a  Ruhmkorff 
coil  of  a  peculiar  construction ;  and  (3)  the  axis  of  suspension.  This 
piece  can  be  removed  at  pleasure,  and  another  substituted,  thus 
demonstrating  the  form  to  be  indifierent,  if  it  is  placed  in  equilibrium. 
The  coil  may  however  be  horizontal,  and  in  that  case  the  moveable 
piece  will  rotate  iu  a  vertical  plane. 

The  apparatus  has  been  constructed  in  order  to  work  easily  with 
one  Bunsen  cell  of  20  centims.  height,  or  with  one  or  two  bichromate 
of  potassium  cells. 

Above  the  frame  is  placed  a  horseshoe-magnet,  supported  by  a 
vertical  axis,  round  which  it  can  be  placed  in  any  particular  azimuth 
that  may  be  required  for  the  experiments.  This  axis  can  be  taken 
away,  and  the  horseshoe-magnet  can  be  replaced  by  one  or  two  or  a 
large  number  of  bar-magnets,  laid  flat  upon  the  frame.  It  is  possible 
also  to  place  other  bar- magnets  underneath  the  frame,  in  a  space 
arranged  for  this  purpose.  It  is  possible  also  to  place  four  magnets 
laterally,  two  on  each  side  of  the  frame,  or  to  replace  them  by  a 
number  of  electro-magnets. 

To  produce  a  continuous  movement  of  rotation,  the  magnets  do  not 
appear  to  bo  absolutely  necessary,  although  they  greatly  increase  the 
velocity,  and  outweigh  every  chance  of  perturbation  and  uncertainty. 

But  the  motion  without  magnets  presents  peculiarities,  which  are  of 
great  interest,  and  have  led  to  an  explanation,  accepted  by  M.  Lontin, 
and  which  will  be  developed  more  fully  hereafter. 

Under  ordinary  circumstances  the  moveable  piece  does  not  start  by 
itself,  but  requires  an  external  impulse. 

Another  peculiarity  of  this  movement  is  that  the  direction  of  the 
current  can  be  altered  without  altering,  in  any  respect,  the  direction  of 
the  rotation,  although  sometimes  it  diminishes  or  increases  the  velocity. 
But  owing  to  the  necessity  of  giving  an  impulse  to  the  moveable 
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piece,  these  experiraents  ara  rather  tedious,  as  it  is  necessary  to  wait 
for  Bome  minutes  before  kcowing  with  pertainty  whether  the  rotation 
is  due  to  eh ■ctr()- magnetic  reactions  or  to  the  mechanical  impnlae. 

All  the  effects  exhibit-ed  with  magnets  and  moTefthle  pircea  of  iron 
have  ihe  advantage  of  being  produced  withoat  the  help  of  any  external 
force  other  than  magneticul  attraction  working  at  a  distance.  This  it 
is,  1  veiitui-e  t)  think,  what  renders  them  fio  really  effective. 

When  the  moveable  pieces  are  star- shaped,  or  corapoaed  of  & 
number  of  ii'on  pieces  insulated  magnetically,  they  are  not  moved 
by  themselves,  except  when  they  occupy  certain  poaitJons  in  relation 
to  the  position  of  equilibrium  of  a  magnetic  needle  under  the  action 
of  a  contiiiULius  voltaic  current  flowing  through  the  coil. 

Under  the  same  circum stances,  the  more  arms  the  stjir  possesses  the 
more  ensily  it  revolves.  An  even  number  of  arms  appears  to  be  less 
fjvoui-able  to  rotation  than  an  uneven  number. 

But  the  ditTercuce  of  the  phenomena  eshibited  when  there  is  no 
muguet  in  operation  is  very  striking,  as  there  is  then  a  defi[iil«  direc- 
tion of  rotation,  and  if  the  moveable  piece  should  be  propelled  in  Ae 
wrong  direction,  its  velocity  quickly  diminishes,  aad  the  pieoe  soon 
roiaies  in  the  right  direction.  If  the  magnet  is  placed  in  a  direotion  . 
]Hr(K'ndicuiar  to  the  frame  the  rotation  is  stopped. 

A  very  small  moveable  piec«  has  also  been  constructed  so  that  it  ctut 
be  plai-cd  iu  different  portions  in  the  interior  of  the  frame,  Thepositia& 
of  the  axis  within  the  frame  involves  no  difference  in  the  direction  of 
the  rotation,  although  the  Telocity  can  be  in  some  degree  altered,  but 
it  is  not  very  easy  to  ascertain  the  fact,  the  velocity  being  so  grtat 
that  very  iifi  ell  tlic  motion  socms  to  be  imperceptible  to  the  eye.  Tfaesa 
]ilH'iiomeiia,  v^llicll  can  be  varied  to  any  extent,  as  will  be  showil 
licreafler.  appear  lo  be  capable  of  a  very  simple  explanation,  by  nm 
np]iHealiuii  ill'  the  laws  of  induction  discovered  by  Farailay. 

'Die  p.i-;^iljility  of  prodaciug  the  same  movement  by  means  rf 
nuivi'alile-.  iif  any  form  whatever,  and  notably  of  two  spirals  constmcted 
u(  a  flai  u  ivv  and  wound  in  an  opposite  direction,  appears  to  demon* 
••traie  iliai  I  he  iiii:irory  aetion  is  exercised  individually  on  each  molecule 
111'  iniii,  anil  tlial  tile  total  impulse  must  bo  regarded  aa  the  integral  of 
ihe  iiiilnidiial  iiii|>ulsivc  actions.  T bis  remarkable  property  appean 
to  fiirnisli  a  very  simple  means  of  completely  explaining  all  tho 
cireuiii>taiiies  nl  these  curious  phenomena  by  means  of  the  known 
laws  of  iiuliLetiiiii,  and  to  dispense  with  having  recourse  to  any  new 
hypiithcsis.  It  is  sutlicient,  in  fact,  to  remark  that  the  molecule  of 
iniii  arts  in  il>  nLi>vemeut  of  rotation  in  two  different  ways  in  each  of 
the  two  nearly  equal  currents  of  indaotion  which  successively  travBiM 
the  s[iirals.  but  the  alternate  apjicarances  of  which  are  separated 
l>y  very  fnble  intervals  of  time.  In  fact,  during  the  whole  continnano* 
of  the  t'.vu  phases  of  rotatory  movement  which  the  galvanomotric  franu 
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brings  closer  together,  each  molecnle  of  soft  iron  increases  the  intensity 
of  the  current  which  afiPects  it,  and  which,  independently  of  its  real 
direction,  the  author  calls  poMve,  in  order  to  fix  the  ideas ;  at  the 
same  time  it  diminishes  that  of  the  current  which  repels  it,  and  which, 
for  the  same  reason,  is  called  negative.  In  two  other  phases  of  its 
movement  the  same  molecule  diminishes  the  intensity  of  the  positive 
enrrent,  which  then  tends  to  draw  it  back,  and  increases  that  of  the 
negative  current,  which  turns  it  away  from  the  frame.  The  actions 
exerted  in  the  two  phases  of  the  movement,  that  is,  in  the  total  extent 
of  the  plane  described  by  the  molecules,  tend  then  to  keep  up  the  con- 
tinuous rotation,  which  progressively  increases  in  speed  until  it  reaches 
that  which  corresponds  to  the  absolute  intensity  of  the  attractions  or 
repulsions  exercised  by  the  currents  induced  by  the  energy  of  the 
inductive  carrent,  the  value  of  the  friction  of  the  resistance  of  the  arc, 
and  other  occasions. 

When  we  bring  the  pole  of  a  magnet  into  action,  it  is  clear  that  its 
influence  determines  in  each  of  the  molecules  of  the  moveable  object  a 
transient  magnetisation  which  strengthens  the  induction  currents  pro- 
duced in  the  spires  in  the  cases  in  which  it  is  concordant,  and  which 
paralyses  them  in  the  opposite  case.  It  hence  results  that,  in  presence 
of  a  permanent  magnetic  centre,  the  movement  is  possible  only  in  a 
direction  determined  by  its  position  and  its  nature.  The  author 
believes  that  this  principle  applies  even  to  the  action  of  the  earth. 

When  we  change  the  position  of  the  active  pole  in  relation  to  the 
axis  of  rotation,  the  rotation  changes  its  direction ;  but  the  pole  of 
the  magnet  may  be  placed  above  or  below,  to  right  or  left,  without 
the  rotation  changing  its  direction.  The  two  poles  of  a  bar  or  a  horse- 
sboe-maguet  combine  to  accelerate  the  movement  when  they  are 
placed  in  the  direction  of  the  frame  ;  but  if  we  place  the  magnet  in  a 
perpendicular  direction,  all  movement  is,  as  a  rule,  rendered  impossible. 
It  is  the  same  with  near  position ;  in  proportion  as  we  approach  it 
to  that  limit  of  position,  the  rotation  in  general  will  be  found  to 
slacken.  It  is  clear  that  a  magnetisable  lx)dy  so  strongly  tempered  as 
not  to  have  the  capacity  of  being  magnetised  and  demagnetised  to  the 
given  extent,  will  remain  insensible  to  these  successive  dynamic  re- 
actions, and  consequently  immoveable,  and  that  it  is  necessary  to 
employ  the  softest  possible  iron  in  the  construction  of  the  moveable 
objects.  The  same  phenomena^  especially  with  the  spiral,  may  evi- 
dently be  produced  if  we  place  it  about  the  frame.  They  are  accom- 
panied, especially  with  the  full  disk,  by  a  strident  sound,  arising  from 
the  alternate  magnetisations  and  demagnetisations  ;  and  this  fact  seems 
to  be  a  new  confirmation  of  the  theories  which  have  been  advanced. 

I  must  not  omit  to  mention  also  a  number  of  other  phenomena 
which  at  least,  in  some  respects,  can  be  quoted  in  support  of  that 
opinion  which  my  friend,  M.  Lout  in,  considers  also  as  being  valid. 
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If  v.e  take  two  spirals  made  of  &  similar  iron  ribbon,  bat  cnrred  in 

an  oi)[iii,siti'  (lift'L'tion,  viz.,  the  one  to  the  left  and  the  other  to  the  right, 
the  velocity  and  direction  of  rotation  are  precisely  the  same  nader 
fiimilflr  ein.'Uiiistant.'eB.  This  proves  the  action  to  be  really  molecular. 
Tliis  remarkable  experiment  may  be  miido  in  a  very  striking  form. 
If  we  plaix:  !t  left-banded  spiral  to  the  left  of  the  frame,  and  a  right- 
hitudcd  one  to  tbe  right,  or  vice  verad,  at  a  distance  sufliciently  amaJ) 
from  the  frame,  tlie  influence  is  felt,  and  the  rotation  of  the  two  apirala 
is  obtained.  But  they  rotate  in  the  same  dii'ectiou.  If  the  axis  uf  the 
spirals  be  pinned  so  near  to  the  frame  that  a  part  of  the  solid  is  im- 
nicrsi'd  Ju  it,  the  rotation  may  be  very  nipid  indeed.  It  seems 
impoHsible  Ui  witness  that  experiment  without  coming  to  the  coq- 
elusion  thiit  it  ia  not  anreasonnble  to  believe  that  a  motive  power 
compantble  with  that  of  other  magneto-electrical  nuichines  may  be 
obtained  l)y  biking  advantage  of   these  properties  of  the  indnctioa 

This  conviction  receives  some  support  from  the  following  carioiu 

if  ii  spii'iil  be  placed  on  the  top  of  the  machine,  after  the  remo-ral 
of  the  hordes  hoe- magnet.,  it  rotates  under  the  inflaenoe  of'the  two  bar- 
mngnetij  pheed  underneath.  Tlie  direction  of  rotation  iu  in  reverBe 
direction  to  the  ^'yration  of  a  moveable  placed  in  tiie  interior  of  the 
frame,  but  in  tlic  same  as  the  moveable  whose  axis  is  placed  outside. 

A  viTy  |Jrctty  eiperiment  can  be  made  by  placing  a  number  of 
niDVCiiblo  in  these  various  positions,  and  to  see  them  changing  their 
dii-i'ctiiiii  iiiidi't'  vlic  influence  of  active  mugnets,  when  the  direution  of 
priiiiaiy  uiiriL'iit  of  the  coil  is  altered. 

Kx{>L'niui'nts  have  been,  tried  to  ascertain  whether  induced  currents, 
IT  even  iiiirriiiptud  cun-ents,  can  work  the  machine.  The  resnlts 
:ip]H':ii'  t<i  have  been  a^rmative,  at  least  for  the  inducing  current^ 
althoiigli  Mil'  |i)ii'tii>[uena  are  less  easy  to  produce.  It  has  been  acknov- 
IrdL-'cd  al-ii^  rhut  the  velocity  ia  increased  by  placing  the  condenser  ia  , 
<'i>ijniLiuiu':iii'>ii  with  the  coil,  and  that  the  namber  of  vibrations  exerts 

Ii  i^  r-L-y  tij  r-li'iiv  that  a  magMotised  steel  star  will  not  move  if  it  IS 

giii'11-.iil  Li|i  III  saturation,  and  if  incompletely  magnetised  it  workt 

like  :iii  iM-iliiLiii-v  fliir,  but  with  a  reduced  velocity. 

.\  iiiitL.-111-i  ii'  li;[i-  placed  perpend icitarly  to  the  frame  and  within  it 
pRveiiis  (III'  I'uiaiiiju  of  the  moveable  piece.  But  if  an  iron  bar  is  pUfiad 
iti  till'  vruiic  ;"i>iiii>ii,  it  SL-ems  to  accelerate  it;  at  all  events,  the  inetiaa. 
>eem.-.  (u  In  a  r.vei'.-ililc  one.  Here  the  direction  of  the  primary  curreat 
i>  ivMi'snl  and  fiM.sed  almost  ia  rotate  or  it  stops  entirely. 

.Ml  tliese  vaiied  experiments  appear  t")  be  in  conformity  with  the 
thciirv  alrvacly  devoloijeil,  but  all  these  points,  as  well  as  many  otherSi 
iviiuii'c  more  mature  eoiuideratioii. 
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Perhaps  the  best  forms  of  the  moveable  piece  are  the  spiral  and 
the  copper  disk,  surrounded  by  a  continuous  ribbon  of  iron. 

No  result  was  obtained  with  unmagnetisablo  substances,  but  the 
experiments  were  not  made  with  a  sufficient  degree  of  accuracy  to 
be  deemed  final. 

No  attempt  has  been  made  either  to  ascertain  whether  the  rotation  of 
the  moveable  pieces  obtained  by  a  motive  power  can  produce  alternate 
currents  in  the  coil,  which  appears  to  be  very  dubious,  as  the  motion 
is  produced  by  the  destruction  of  the  symmetry  which  exists  generally 
between  the  two  sides  of  a  galvanometric  frame. 

It  can  be  very  easily  proved  that  the  frame  is  an  excellent  mag^eti- 
sing  machine,  and  that  the  magnetisation  takes  place  in  the  position  of 
equilibrium  of  a  magnetised  needle  under  a  continuous  current.  If  a 
needle  is  placed  horizontally  within  the  frame,  the  end  which  is  sent 
forward  becomes  magnetic,  so  that  it  is  very  easy  to  alter  the  mag- 
netism in  any  way  which  might  be  required. 

The  induction  machine  which  is  presented  has  been  reproduced 
from  one  which  M.  Lontin  had  constructed  for  some  special  purposes, 
described  in  a  letter  inserted  in  "  Electricite  '*  (5th  April  last),  and 
the  peculiarity  of  which  is  that  inducing  and  induced  wires  have 
a  similar  resistance.  But  I  understand  that  the  resistance  of  the  wire 
going  round  the  frame  may  be  enlarged  to  four  times  its  present  value 
without  diminishing  the  velocity  of  the  rotation  in  any  sensible  manner. 
So  the  actual  conditions  can  bo  largely  altered  without  interfering 
with  the  production  of  the  phenomena  under  conHideration ;  and  it 
may  be  inferred  that  the  motive  power  derived  from  them  can  be 
greatly  increased  by  these  obvious  alterations,  although  it  is  quite 
impossible  to  state  whether  it  can  be  made  useful  to  any  practical 
purposes. 

In  concluding  this  short  preliminary  notice,  I  would  venture  to  add 
that  the  apparatus  most  nearly  resembling  mine  is  Faraday*8  disk, 
with  this  difference,  that  it  is  made  of  mica  and  worked  by  a  frictional 
electrical  machine.  The  mechanical  work  produced  is  very  small  in 
either  instrument. 

It  may  be  stated  to  the  credit  of  the  gyroscope  that  the  work  done 
by  a  man  in  turning  the  glass  disk,  is  executed  under  the  actual  con- 
dition by  one  Bunsen  element  of  20  centims.  high  ;  so  that  in  certain 
respects  the  action  may  be  said  to  be  wonderfully  great.  But  it  must 
not  be  forgotten  that  it  is  really  Faraday *s  disk  which  has  paved  the 
way  in  this  new  field  of  electrical  researches ;  and  that  certainly  I 
should  not  have  taken  advantage  of  the  experiment  shown  to  me  by 
M.  Lontin,  if  I  had  not  been  aci^uaiuted  with  all  the  circumstances  of 
the  disk  rotation  exhibited  to  me  by  your  great  natural  philosopher  so 
many  years  ago. 


310      Messrs.  A.  H.  Everett,  J.  EvaiiB,  and  G.  Bnak.     [Apr.  15, 

III.  "Report  on  the  Exploration  of  the  C.'xves  of  Borneo."  By 
A.  Hart  Everett.  "  Inti'oductory  Remarks."  By  JOHS 
KVAXs,  D.C.L.,  LL.D..  Treas.  R.S.  And  "Note  on  the 
Bones  Collected."  By  G.  EusK,  V.P.R,S.  Received 
iliueh  4,  1880. 

In  tlio  year  1878  the  Conncil  of  the  Royal  Society  made  a  grant  of 
£.!iO  from  the  Donation  Fand,  towards  the  eipenKes  of  carrying  on  lui 
invL'sligiitiou  of  the  Cnves  of  Borneo,  which  it  was  thought  possible 
niig-ht  pravc  to  contain  remains  both  of  pal teonto logical  and  anthro- 
pological iutert-st.  A  similar  grant  was  madp  by  the  British  Associa- 
tion, and  a  Committee  appointed;  find  by  the  aid  of  private  snbacrip- 
fions  a  enfticiout  sum  was  raised  to  secure  the  services  of  Mr.  Hart 
Everett,  whose  report  upon  his  investigations,  extending  over  a  period 
of  nearly  nine  months,  is  now  enclosed, 

A  pri'liiuinary  report  from  the  Commltfee,  together  with  one  of 
Mr.  EviTctt'H  reports  has  already  been  submitted  to  the  BrittHh 
Association  at  its  meeting  in  Sheffield,  and  has  appeared  in  print.  It 
was  then  jiuintod  out  that  altbough  the  examination  of  these  oaveB 
hiul  not,  as  was  hoped,  thrown  any  light  npon  tho  early  history  of 
man  in  that  part  of  the  world,  yet  that  the  evidence  obtained,  though 
negative  in  charai-ter,  was  not  withont  value,  inasmnch  as  the  tme 
nature  of  ihc  liorneo  cave  deposits  had  now  been  carefully  ascertained 
by  Mr.  Hvfrett.  His  final  report  confirms  the  opinion  already 
cspivssed.  It  only  remains  to  ho  added  that  with  the  exception  of 
the  bones  iiiontioncd  in  the  enclosed  noto  by  Mr.  G.  Bask,  F.B.S., 
which  liiive  been  placed  in  the  Museum  of  the  Royal  College  of 
Suigi'oiis,  (lie  whole  of  the  objects  sent  to  England  by  Mr.  Everett 
havf  bcin  niailc  over  to  the  Britiah  Museum.  Accompanying  this  is 
ilr.  EvL-rrii's  tir.st  quarterly  report,  together  with  his  map  and 
])la]ts,  so  llmt  (licy  may  if  thought  fit  bo  deposited  in  the  aruhiveg  of  (i 
iJLf  S.iuIlIv,  M.I  ii;i  to  hf  available,  if  necessary,  for  future  reference. 


■  Kipurt  1.11  the  ]':x]iloratiou  of  the  Borneau  Cavee  in  1878-9." 
By  A.  Haht  Everett. 
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of  Sarawak  are  flitnatod  in  a  limestone  formation 
.'iiticul  with  that  of  the  Malay  Peninsula,  and  occap< 
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a  considerable  area  of  the  north-west  and  north-east  parts  of  the  Island 
of  Borneo.  Its  westernmost  extension  seems  to  be  represented  bj  the 
Ahnp  Hill  on  the  frontier  between  Sambas  and  Sarawak,  whence  it 
runs  nearly  uninterruptedly  to  the  upper  waters  of  the  Sadong  River 
at  Seroabang.  It  reappears  in  the  Tatan  River  near  Biiituln,  and 
again  comes  to  the  surface  in  the  Niah,  Baram,  and  Linbang  rivers, 
in  Brunei  territory,  and  it  is  known  to  bo  largely  developed  in  northern 
Borneo. 

Where  the  original  structure  of  the  rock  has  not  been  obliterated 
by  metamorphic  action,  it  is  found  to  be  crowded  with  organic 
remains  (enerinitcs,  &c.),  but  as  these  have  never  been  examined  by 
pakeontologists,  it  is  impossible  to  iix  with  any  approach  to  exactitude 
the  age  of  the  formation.  Its  position  relative  to  the  other  rocks  of 
the  island  is  also  not  well  determined.  It  appears,  however,  always 
to  underlie  the  great  sandstone- conglomerate  formation  which  con- 
stitutes the  major  part  of  the  highlands  of  north-west  Borneo. 

The  limestone  hills  nowhere  attain  to  a  greater  elevation  than 
1,800  feet  above  the  sea- level,  at  any  rate  in  Sarawak,  and  they  more 
commonly  vary  from  300  feet  to  800  feet  in  height.  In  the  Baram 
district  the  Mulu  Mountain  is  said  to  bo  limestone  and  to  rise  to  a 
height  of  9,000  feet,  but  I  am  not  aware  that  it  has  ever  been  visited 
by  a  European  observer.  The  hills  invariably  spring  up  steeply  from 
the  low  country,  and  the  majority  of  them  present  lines  of  old  sea- 
oliffs  which  generally  face  to  N.  and  N.W.,  i'.<?.,  towards  the  quarter 
still  occupied  by  the  waters  of  the  sea.  The  rock  itself  is  much 
fissured  and  jointed,  and  the  hills  in  many  instances  are  absolutely 
honeycombed  with  caverns. 

As  is  usual  in  lime8t<me  districts  the  drainage  of  the  country  is 
largely  subterranean.  Owing  to  this  fact,  coupled  with  the  heavy 
rain^l  (the  mean  for  the  last  three  years  was  165  inches  at  Kuch- 
ing),  the  land  at  the  base  of  the  hills  is  subject  to  frequent  flooding 
during  the  prevalence  of  the  north-cast  monsoon,  when  the  under- 
ground watercourses  are  of  insufficient  capacity  to  carry  off  the  water 
as  fast  as  it  readies  them.  As  an  instance  of  the  extent  to  which  sub- 
terraneous drainage  with  its  consequent  subterranean  denudation  has 
gone  on  in  Sarawak,  I  may  cite  the  Siniawan  river,  which  passes 
beneath  four  distinct  hills  in  its  short  course,  and  one  of  these  hills — 
the  Jambusan  Hill — is  pierced  besides  by  at  least  three  ancient  river- 
tnnnels  of  large  size  at  varying  levels. 

2.   The  Caves  ami  their  Deposit  it. 

The  total  number  of  the  caves  examined  by  me  has  been  thirty-two, 
of  which  two  were  situated  in  Mount  Sobis,  up  the  Niah  river,  and 
the  remainder  in  Upper  Sarawak  Proper.  They  comprised  examples 
of  tunnel,  fissure,  and  ordinary  ramifying  caverns.     Partial  oxcava. 
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tions  weif  carried  on  in  twelve  of  tliese  caves.  The  deposits  con- 
tained in  them  varied.  A  few  afforded  nothirg  but  thick  accnmn- 
latioiis  of  bits'  or  bird-guano  still  in  process  of  deposition.  This 
deposit  WHS  examined  in  three  instances,  and  jiroved  to  be  perfectly 
bar  «  1  the  ex  ept  on  of  a  few  of  the  bones    F  tl  e  bats  and  itwifta, 

to  w1  h  t  o  ed  t  product  n  1  he  commonest  deposit  in  the  caves 
of  Up[  ^  ■»  vak  wa";  found  to  be  an  exceed  ngly  tenaflione,  dark 
yell  ho  o  n  o  3  cla  wh  h  s  som  t  mes  c  asled  over  with  ae 
niu  h  a  f  t  f  dry  mortar  I  ke  stalagm  te  and  Boraetimee  ia  iteelf 
cone  et  i  to  1  k  d  ofHtonv  ]  seudo  stalagm  t  mass ;  but  more  gene- 
rnll      t  n  the  f  rm  of  s  luple  web  clay  ly  ng  immediately  on 

the  1  o       Rem      of  tl  e  caves  an  I  w  thont  any  other  deposit  above 

it.  It  o  s  h  !  at  tie  water  level  and  n  caves  150  feet  or  mOFB 
abo  )         o  ally  as   n  s  n  e  of  the  B  d    caves,  it  is  Taized  with 

nan  1     nil  t  r  worn  gravel      It    s  evid  ntly  derived  from  the 

wa.  te  f  1  1  1  lies  and  soft  f  Is  t  c  porphyr  es  which  now  m&lra 
up  tl  1  la  I  n  tl  e  vie  n  ty  of  the  1  meatone  h  lis — worn  fragmeota 
of  tl  e  (,        k  rr  ng    n    t      II  ave  very  ael  lorn  met  with  organic 

I'cmn  s  n  th  1  v  notw  thstand  ng  that  n  allitiou  to  my  owtt 
exca  I  s  I  I  e  al  vays  be  u  careful  t  sear  1  for  bones  in  th« 
•teb  I  ft  bj  tr  1  ns  rnnn  ng  through  the  ca  eh  and  cHrrying  awliy 
the  softer  p  rt  of  the  dcpos  t  bnch  fe  v  rema  ns  as  have  pT«sontad 
the       I  I      te    hat  the  clay    s  of  flav  at  lo  origin.     They  com- 

pri      I  I       tl  of  p  g  and  porcup  ne  a  large  part  of  the  skeleton 

of     (.  1    I  J    1     J  d  numerous  land  and  f  -esl  -water  sheila.     A 

prolu         I  I  111   ubtl  8S  reveil  rema  us  from  time  to  time, 

ha  1  ufh    ent  abundau  e  or  of    nte     st  to  warrant  tlio 

1     .1  I  !  t      !  e  guano  and  clay,  therewas  found  in  four  instance* 

ii  n-Mn-  >'-i-i--'^  ''f  drposit-s  (in  caves  Nos.  V,  XIII,  XXI.  and  XXXH), 
of  wliiili  I  111'  fiiJIiiwiiLL.'  note  represents  the  section,  as  generalised  from 
tlMTv:.MVul[..i,s  incavPsNos.  VandXIII. 

li.)  A  --iiihiii'  liner  of  disturbed  earth  composed  largely  of  ch&r- 
ri);il.  r.iilrii  \\ uinl,  iiiid  bnmbooB,  with  fragments  of  modern  pottery, 
i;l;i"  lnjiil--,  rri-i'ul  biiucs,  qnantities  of  fresh-water  shells  (chiefly  thff 
c-i>tiiiii,Mi  ,."/„,„,./..-■),  i.nii  other  deftri'g— being  the  relics  left  by  the 
llviiks,  «liii  ("imp  iciripDnirily  in  the  eaves  when  they  are  employed  in 
^MtlirriiiL'  iln'  Iiarvcst*  of  the  edible  bivda'  nests,  which  is  done  three 
liniis  ;iiiiiii:illi-.  Tliis  layer  is,  in  some  cases,  a  mere  film,  but  about 
111.'  riiiiMi Ii:ill  of  X...  XIII  i(  waa  as  much  as  a  foot  in  thicknesB. 

(■2.)  A  1;llu^  <ir  liiiLiii  or  clay  niiied  with  earthy  carbonate  of  liui6^ 
whiili  li":illy  tiiriii-;  ;i  hard  concrot*,  and  crowded  with  the  testa  ot 
niniiy  >pi'<i(s  nf  ncrnt  land  kIicIIs.  together  with  the  Iwnes,  generatlf 
rnip.-iiwiii:nv.  of  viiriiins  small  mammals  belonging  chiefly  to  the  order 
Kodciitiu.     This  lulus  is  composed,  in  great  mcaauro,  of  largo  ai 


off«J^H 


1880.]  On  the  Exploration  of  the  Caves  of  Borneo.  313 

and  Bubangnlar  blocks  of  limestone.  In  cave  No.  V  its  summit  is 
nearly  50  feet  above  the  floor  of  the  cave. 

(3.)  A  stratum  of  river  mud  mingled  with  bat-guano,  and  with 
rounded  masses  of  limestone  and  creamy  crystalline  stalagmite  inter- 
spersed. The  maximum  thickness  observed  in  the  excavations  was 
8  feet.  This  stratum  is  crowded  with  the  remains  of  bats,  and  also 
with  those  of  larger  mammals — all  (as  I  am  led  to  understand)  of 
genera  now  extant  in  Borneo.  The  bones  are  almost  invariably  in  a 
very  broken  condition,  and  so  rounded  and  water- worn  as  to  be  past 
identification.  As  a  sample  of  these  bones  has  been  examined  in 
England,  it  is  not  necessary  to  speak  more  particularly  of  them  here. 
In  addition  to  the  mammalian  remains,  the  mud  exhibits  a  miscel- 
laneous assemblage  of  the  remains  of  small  reptiles  (chiefly  Chelonian), 
fish  bones  and  scales,  chelae  of  crustaceans,  land  and  fresh-water 
shells,  leaves,  Ac,  Ac.  In  the  upper  level  of  this  river  mud  traces  of 
the  presence  of  man  are  abundant. 

(4.)  The  yellow  clay,  more  or  less  concreted  into  hard  pseudo- 
stalagmite,  and  containing  casts  of  land  shells,  and  bones  and  teeth  of 
pig.'  In  No.  XIII,  a  narrow  band  of  nearly  pure  stalagmite  (about 
4  inches  thick)  intervenes  between  the  river  mud  and  the  yellow  clay. 
The  latter  deposit  rests  immediately  on  the  limestone  floor  of  the  cave. 
It  contains  a  few  water-worn  pebbles  and  fine  gravel,  and  it  has  been 
extensively  denuded,  prior  to  the  introduction  of  the  river  mud 
above  it. 

The  foregoing  series  of  deposits  is  found,  with  wonderfully  slight 
variation,  at  points  so  distant  from  each  other  as  Jambasan  and  Niah. 
At  both  places  the  floors  of  the  caves  which  present  it  are  at  a  level  of 
some  40  feet  above  the  flat  land  at  the  bases  of  the  hills.  All  four 
caves  open  on  the  face  of  a  perpendicular  cliff,  so  that  their  height 
above  the  present  valleys  affords  a  gauge  of  the  denudation  of  the  soft 
rocks  in  the  vicinity  of  these  hills  since  the  introduction  of  the  river 
mnd. 

The  above  are  the  principal  kinds  of  deposits  that  are  met  with. 
Apart  from  the  evidence  as  to  their  slight  antiquity  afforded  by  the 
mammalian  remains,  and  by  the  fact  of  the  presence  of  man  in  a  fairly 
advanced  stage  of  civilisation  in  the  particular  instances  examined,  it 
seems  highly  probable  that  the  contents  of  all  the  Sarawak  caves,  at 
least  to  a  height  of  many  hundred  feet,  will  prove  equ-illy  recent,  and 
for  the  following  reason :  The  contents  of  the  Sarawak  caves  must 
have  been  accumulated  since  the  date  of  the  last  subraergenoe  of 
north-west  Borneo,  unless  the  subsidence  of  the  land  was  very  trifling 
indeed.  But  the  submergence  actually  went  on  to  a  depth  of  500 
feet,  and  probably  much  more,  as  is  abandantly  evidenced  by  the 
indications  of  purely  marine  denudation  on  the  inland  hills ;  and  that 
it  was  very  recent  in  a  geological  sense  may  with  fairness  be  deduced. 
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1  tliiuk,  from  tlic  sliglit  amount  of  differentiation  whioli  the  present 
Faiinn  of  the  island  hn3  undergone  since  its  last  connexion  ivith  con- 
tinentiil  Asm,  coupled  with  the  rapid  rat«  at  which  the  Sarawak  coast 
ia  even  now  advancing  seaward,  which  argues  tiiat  the  tract  of  land 
now  intervening  between  the  gea  and  the  limPBtone  hills  cannot  bo 
of  much  antiquity.  The  absence  of  any  lieavy  floors  of  cryHtalline 
stalagniite  in  the  caves  Beems  to  add  confirniat<>ry  testimony  in  titie 
direction,  as  does,  perhaps,  the  absence  of  the  large  mammals  of  Borneo 
(olei>hatit,  rhinoceros,  tapir,  and  wild  ox),  from  the  north-west  dia- 
tricts.  It  may  bo  worth  remarking,  that  all  the  tribes  of  Land  Dyaks 
have  most  circumstantial  traditions  current  among  them  on  the  sub* 
ject  of  a  grciit  subsidence  of  the  land. 

With  rcirard  to  the  rate  of  accumulation  of  the  cave-deposita  in 
Sarawak,  it  seems  proliable  that  it  wonlil  be  in  exceas  of  that  generally 
observable  in  the  case  of  other  countries,  for  the  rocks  are  of  an  t 
tremelj'  decomposable  class,  and,  as  I  have  notod  above,  the  rainfall 
prodiiiious. 

Willi  rt'spcct  to  the  possible  futore  diaoovery  of  ossiferous  depoHits 
oihcr  thiin  those  mentioned  above,  I  think  it  probable  that  such  will 
be  found.  'J'hey  cannot,  however,  be  very  numerous  in  proportion 
the  number  of  caves.  The  natives  have  been  in  the  habit  for  mMlJ 
years  past  of  excavating  the  contents  of  the  caves  and  fisanres  for  IIm 
purpose  of  washinc;  out  the  alluvial  gold  tbey  afford.  The  caTM 
esiiminid  in  this  way  are  situated  at  all  elevations  up  (o  100  foert. 
Both  Mnlays  ami  Chinese  set  a  valne  on  fossil  t«eth,  which  they  pre. 
serve  as  charms  or  use  for  medicinal  purposes  ;  nevertheless,  they  huTO 
never  mot  with  a  regular  ossiferous  deposit  in  the  course  of  their  a 
plni-;itiiiii!i.  Had  Ihcy  done  so,  it  would  have  been  certain  to  attrkOlt 
their  alteiitiriii.  Bones  and  teeth  have,  however,  been  found  from  ti 
to  tinii',  and  of  these  I  forwarded  a  sample  t«  Mr.  Evans,  bnt  mi 
of  ihftn  were  cviileiitly  quite  recent. 

In  the  I'vciit  of  other  bone-beda  being  ultimately  discovered  in  as^ 
part  of  Bi)rnoo,  they  will  doubtless  resemble  generally  the  accnmnlfc 
(ion  of  lliiviatilc  'h'lir's  described  in  caves  V  and  Xllf.  At  present  BO 
animals  liahitually  \ise  caves  in  this  island  in  the  same  way  as  thfl 
cave.-i  (if  Imiiiijh'  were  used  by  the  hirge  Caniivora  as  retreats  tO 
which  III  c.iiry  (hi'ir  pi^ey,  so  that  the  rich  assemblage  of  mammal 
reni:iins  wliicli  clianicteriHes  the  old  hyiena  dens  of  England  can 
be  lonkrd  Inr  in  Borneo.  On  the  other  hand,  the  Sssures  whisk 
abound  like  natural  pitfalls  over  the  limestone  country,  and  whioli  {ft 
Enrope  liiivc  furnished  deposits  of  bones,  are  in  Borneo  barren  ornea 
sn,  iio  far  a^  Tiiv  experience  has  gone.  The  reason  is  to  be  found,  I 
.siis[ii'<-l,  irL  the  remarkably  rugt,'ed  and  precipitjins  nature  of  the  Hi 
sl.iTic  hills,  which  makes  ihem  practically  inaeeeBsible  to  the  largw 
mammals,  and  in  their  dense  coating  of  jungle,  the  matted  roota  tA 
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which  bridge  over  all  the  fissares  to  a  greater  or  less  degree,  and  afford 
a  safe  passage  to  the  smaller  animals. 

3.  The  Human  Remains. 

Many  of  the  caves  present  traces  of  the  presence  of  man.  Eleven 
of  the  caves  examined  bj  me  exhibited  such  traces,  and  I  had  infor- 
mation of  five  others.  The  cave  exploration  has,  indeed,  yielded  traces 
of  man  or  his  handiwork  under  three  distinct  sets  of  conditions, 
vi«.,  (1)  in  river  gravel,  (2)  in  the  river  mud  of  the  Jambusan 
cave,  as  mentioned  in  the  preceding  section,  and  (3)  in  the  surface- 
layers  of  various  caverns  in  Upper  Sarawak  and  at  Niah. 
'  (1.)  During  my  first  exploration  I  discovered  imbedded  at  the 
bottom  of  a  bed  of  river  gravel  exposed  in  a  section  on  the  left  bank 
of  the  Siniawan  river,  a  single  stone  celt.  It  was  forwarded  to  the 
late  Sir  C.  Lyell  with  a  note  of  the  circumstances  of  its  occurrence, 
and  was  pronounced  by  him  to  be  of  Neolithic  type.  It  is  the  only 
existing  evidence,  to  my  knowledge,  of  the  use  of  stone  by  man  for 
the  manufacture  of  industrial  implements  yet  discovered  in  Borneo. 
At  present  iron  seems  to  be  universally  employed  even  by  the  rudest 
tribes. 

(2.)  In  cave  No.  XIII,  scattered  abundantly  thi*oughout  the  upper 
8  inches  of  the  river  mud,  there  occurred  water- worn  fragments  of  a 
rather  coarse  but  fairly  well  made  pottery.  It  was  so  fragmentary 
and  water- worn  that  it  was  impossible  to  distinguish  of  what  kind  cf 
utensils  it  had  formed  a  part.  Associated  with  it  were  a  few  marine 
shells  {Cardium^  Cyprcea^  and  others),  a  single  fragment  of  stone 
apparently  bearing  marks  of  human  workmanship,  pieces  of  burnt 
bone,  fresh-water  shells  (Nerifina  and  Potamiihs)  also  bearing  the 
marks  of  fire,  the  tooth  of  a  tiger  cat,  with  a  hole  bored  through  the 
base,  a  rude  bone  bead,  and  a  few  clean  chips  of  quartz.  No  stone 
implements  properly  so  called  were  observed,  though  carefully  looked 
for.  These  remains  indicate  the  presence  of  a  settlement  of  people  at 
some  distance  without  the  cave  on  the  banks  of  the  stream,  which 
formed  the  river  mud  deposit.  The  quality  of  the  pottery  shows  that 
thia  people  had  attained  a  fair  degree  of  civilisation.  The  presence  of 
the  marine  shells  seems  to  imply  that  the  sea  coast  was  within  easy 
reach  of  the  vicinity  of  the  Jambusan  Hill.  The  remains  generally, 
although  of  slight  interest  except  to  the  local  archaeologist,  belong  to 
a  ruder  stage  of  art  than  the  following. 

(3.)  The  traces  of  man  in  the  remainder  of  the  eleven  caves  above 
referred  to  consist  of  human  bones,  associated,  in  some  instances,  with 
works  of  art.  Those  remains  occur  always  either  just  within  or  but  a 
few  yards  removed  from  the  entrances  of  the  caves.  The  caves  in 
which  they  lie  commonly  open  on  the  faces  of  steep  mural  precipices. 
That  at  Ahup,  where  the  largest  accumulation  exists,  is  at  an  elevation 
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of  not  less  than  100  feet  above  the  valley.  The  bones  have  belonged 
to  individuals  of  various  ages,  they  are  mostly  fragmentary,  anil  tbey 
lie  scattered  on  the  Burfa*!e,  or  bat  lightly  imbedded  in  the  earth 
without  reference  to  their  proper  anatomical  relations.  Thoir  con- 
dition will  bo  better  judged  from  tbe  sample  sent  than  from  any 
description  that  I  coald  give.  Occasionally  fragments  occur  bearing' 
the  marks  of  fire.  Tbo  works  of  art  associated  with  them  inclnde 
broken  jars,  caps,  cooking  pots,  and  other  ntensila  of  earthenware. 
The  pottery  is  of  excellent  make,  and  often  glazed  and  painted. 
Besides  the  pottery,  beads  and  armlelA  of  a  very  bard  dark-blue  glUB, 
pieces  of  iron,  mannfactnred  gold,  and  fi-agments  of  charcoal  have 
been  met  with.  Similar  beads  are  in  the  posse^iBion  of  tbe  Land 
Dyaks  at  this  day,  but  they  can  give  no  account  of  their  origin. 

Xo  tradition  ia  estaiit  amoug  the  natives  with  regard  to  these  relioa. 
No  tribes  in  Borneo  make  habitual  nse  of  caves  either  as  domiciles,  or 
as  places  of  sepulture,  or  for  any  other  purpose.  The  character  of 
the  earthenware,  however,  and  the  use  of  iron  and  gold  point  to  ft 
very  modern  date  indi'cd  for  the  people  who  left  these  signs  of  thatr 
presence  and  hence  the  subject,  though  carious  to  a  local  geologist, 
does  not  call  for  any  detailed  remarks  here.  It  is  very  possible  that 
the  remains  date  no  farther  back  than  the  Hindu-Javanese  occnpation 
of  Borneo,  when  this  part  of  the  island  with  Puntianak  and  Banjar 
were  tributary  to  Majiipahit,  or  they  may  bo  of  Chinese  origin — in 
either  case  quit^J  recent, 

4.  Concluding  Remarhg. 
The  geuc'ral  result  of  the  exploration  maybe  snninied  up  as  follows: 
— The  c.visti'ace  of  ossiferous  caves  in  Borneo  has  been  proved,  and  ftt 
the  same  time  tlic  cxistenceof  manin  the  island  with  the  Fauna,  whoas 
remains  :ne  eutnmbeJ  in  these  caves.  But,  both  from  the  recent 
nature  of  this  fauna,  and  from  the  fact  that  the  race  of  men  whose 
iiciuted  with  it  had  already  reached  an  advanced  stsffe 
the  discovery  has  in  no  way  aided  the  solution  of  thoM 
e  uuraveilingof  which  it  was  originally  promoted.  No 
liirown  on  the  origin  of  the  human  race — the  history 
lent  of  the  fauna  characterising  the  Indo- Malayan  Biib> 
region  h;is  not  been  advanced — nor,  virtually,  has  any  evidence  beon 
obtained  towiirds  showing  what  races  of  men  inhabited  Borneo  pr»- 
viousty  tnthe  imiiiif;r!ition  of  tbe  various  tribes  of  Malayan  stock  whioh 
now  people  the  island.  Furthermore, the  presumption  (hat  the  nor^- 
wcst  purl  ion  of  llorneo  has  too  recently  emerged  above  the  w»l»ra  of 
the  sea  to  render  it  probable  that  future  discoveries  will  be  made  of 
Ciivc  deposits  of  greatly  higher  antiquity  than  those  already  oiamined, 
hiis  been  strengthened.  Under  these  circumstances  it  seems  advisaUs 
that  cavern  rciiearch  in  north-weet  Borneo 
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private  enterprige,  and  that  no  further  expense  should  be  hazarded, 
at  anj  rate,  until  the  higher  parts  of  the  island  in  the  north-east  may 
be  conveniently  examined. 

A.  HART  EVERETT. 
JoHK  Eyans,  Esq. 

Sarawak,  August  6thy  1879. 


Notes  on  the  foregoiiig  Report, 

Page  311.  "  Lines  of  old  sea  diffs,^^ — I  inclose  a  roDgh  sketch  of  the 
Sibaiyat  range  of  limestone  hills,  situated  up  the  right-hand  branch  of 
the  Sarawak  River,  which  will  assist  in  giving  an  idea  of  the  appear- 
ance of  the  cliffs  referred  to.  In  the  Staat  Mountain  similar  cliffs 
rise  sheer  up  from  the  plain  to  a  height  of  1,200  feet.  I  also  inclose 
a  sketch  of  that  part  of  the  Jambusan  Hill  known  as  Gunong  Bak,  in 
which  are  found  caves  Y,  XIII,  and  XXI.  This  sketch  was  made  about 
three  years  after  the  jungle  had^been  removed  by  a  bush-fire,  and  it 
will  serve  to  show  how  the  Sarawak  limestone  has  been  worn  and 
scarred  by  denudational  agencies. 

Page  313.  "  Submerged  to  a  depth  of  500  feet:'— I  infer  that  the  last 
subsidence  of  north-west  Borneo  reached  a  depth  of  not  less  than  500 
feet  from  the  fact  that  the  limestone  hills  between  the  upper  part  of  the 
Sarawak  River  and  the  Samarahan  exhibit  traces  of  marine  denuda- 
tion equally  with  the  hills  situated  nearer  to  the  coast,  although  their 
bases  are  probably  not  less  than  400  feet  higher  above  the  sea-level. 
Pebbles  of  cinnabar  ore  have  been  met  with  on  the  summit  of  the 
Busan  Hills.  The  nearest  deposit  of  cinnabar  is  that  at  Tagora,  a 
peak  rising  nearly  800  feet  above  the  sea-level  ot  the  base  of  the 
Boftgoh  Mountain,  about  eight  miles  to  the  southward.  It  can  hardly 
admit  of  doubt  that  these  pebbles  were  carried  to  the  spot  in  which 
they  occurred  when  the  Basan  Hills  were  submerged  beneath  the  sea, 
and,  as  the  hills  vary  in  height  from  400  to  500  feet,  we  have,  in  this 
instance,  almost  demonstrative  evidence  of  subsidence  to  the  depth 
which  I  have  indicated  as  a  probable  minimum. 

Page  313.  "  Indications  of  purely  marine  denudation:* — Every  lime- 
stone hill  is  surrounded  by  a  g^roat  assemblage  of  reefs,  rocks,  and  sea- 
stacks,  which  often  extend  from  side  to  side  of  the  smaller  valleys. 
Where  the  superficial  alluvium  has  been  removed,  it  is  scon  that  these 
rocks  are,  almost  invariably,  integral  portions  of  a  smoothly-worn  and 
hollowed  floor  of  limestone.  They  decrease  in  number  as  the  distance 
from  the  hill  is  increased ;  but,  iu  the  immediate  vicinity,  if  the  jungle 
be  cleared,  the  land  may  be  observed  to  be  literally  studded  with 
masses  of  limestone,  all  fantastically  worn,  and  varying  from  the 
sice  of  small  boulders  to  that  of  craggy  stacks,  30  or  even  50  feet 
high.     Sometimes  two  reefs  will  run  out  parallel  from  the  hill,  and 
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form  a  Toiniatnre  cove,  with  a  small  cave  at  its  inland  extromity.  The 
most  striking  form  prescuted  hy  the  rocks  are  those  of  the  "  tabnlar "' 
and  "  mushroom  "  types.  Tiieir  bas^s  being  protected  from  the  honey- 
combing al^tion  of  the  rain,  still  present  surfaces  smoothly  polished  by 
the  even  wash  of  sea-waves.  The  exact  counterpart  of  these  rocks  and 
of  these  iril.ind  cliffs  miiy  he  seen  in  the  Philippine  Ai-chipt'logo  on  the 
present  shores  of  the  inlands  lying  to  the  northward  of  Surigao.  Suoh 
peculiar  assemblages  of  rocks  cannot  be  referred  to  the  action  of 
streams  varying  their  eonrse,  for  the  roeks  surround  every  hill,  large 
and  small,  and  besidea,  the  action  of  the  streams  in  the  limeetone 
district  of  Sarawak  is  rather  in  the  direclion  of  cutting  ono  defioitn 
(-hiinnel  in  the  solid  rock  and  keeping  to  it.  Still  leas  eould  the  heavy 
tro|)ical  KLinn  piHiduce  such  renults  by  tbeir  long- continued  operation 
over  a  iiiek-surfnce  of  unequal  hardness.  Were  there  no  other  ar^- 
mont  against  such  a  supposition,  the  presence  of  the  "  mashroom  " 
rocks  would  be  fatal  to  it. 

Page  ;U-i.  "  Stir.iwak  Goa.H  ....  aihaucing  seaward." — The  shore 
litic  nf  iimtli-wost  Borneo  (Sarawak)  appears  to  bo  gaining  on  the  Mn 
Mtfadily  as  :i  wliiile.  Whether  the  land  is  stationary  and  the  gain  is 
due  solely  to  the  amoni)t  of  sediment  poured  into  the  sea  by  an  est«n- 
sive  river  system,  draining  a  country  composed  of  rocks  peculiarly  liaUu 
to  rapid  ili'irnLdation  by  denudational  agencies  and  eiposed,  at  the  afune 
tiiiii',  to  a  rainfall  equalled  by  that  of  few  countries  on  the  face  of  the 
t;li)ln',  or  wliciher,  in  addilion  to  the  shoaling  of  the  sea  by  the  intro- 
diii'tiiin  ipf  (hivialile  dehrU,  tbo  land  is  at  present  undergoing  a  slow 
I'lc'vatm-v  niDvvtiieiit,  I  do  not  feel  prepared  to  decide.  Of  the  mere 
f;ict  nf  (lii>  ivL'cut  increase  of  the  land  there  ia  abundant  evidence. 
Tlii'ciiiisi  lntwfcTi  Lander  and  Samarahan,  and  again,  between  Kalakot 
aiii]  [;.-<i>t,  is  a  Ihit  l>clt  of  alluvial  soil,  hut  just  raised  above  the  lerel 
of  the  lii'.'liist  lidts,  anil  traversed  in  evffrj-  direction  by  broad  tidn] 
cliiiiuuls,  'I'lu'  bi'It  estenda  inland  from  ten  to  thirty  miles.  Gftpe 
Sirik  is  its  riii'sl  piMminent  point,  and,  although  it  ia  composed  of  m" 
nUMviiiMi.  iiml  is  (Aji'isud  to  the  fury  of  the  north-east  monsoon,  Upit 
linwii  till.  \\\\.Ai.-  expanse  of  the  China  Sea,  thia  cape  ex  tends  it 
T:i|>lilly  sL;i«.iril.-.  thirt  tlip  subjwt  IS  onc  of  common  remark  amonga 
iKiilvrs  ill  li--  viiiiiily.     The  I'aloh  Malantins  have  farmed  close  n 

till'  point  I'"]- ly  years  past,  and  they  state  the  addition  to  the  Ian4 

iijjiiiijillv  tn  uM'iML'e  three  fathoms,     One  of  the  elder  men  pointed  Ottll 
H  dislance  of  ne:irly   two  miles,  aa  showing  the  increase  within    )^   ~ 
memory,      Nunu'iuus  facia    could   be   adduced  pointing   il 
dJreeli'.ii. 

l':iL:e  :;U,  '-.v.'  auiuKih  hahiliia}!y  use  caves."— Wild,  pig  are  said  bf 
llir  ii;itivir.  til  retire  into  caves  to  die.  This  may  explain  why  thor 
ri  uiiiiTis  iiii-  not  unciunmon  in  such  situations,  1  have  seen  traces  of  I) 
lii.-ai'   in  a  iMve,  but  as  a  rnle  none  of   the  larger  animals  enter  t 
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caserns.  The  latter,  however,  are  not  without  a  varied  Fauiia  of  their 
own.  Besides  the  infinite  hosts  of  swifts  (CoUocalia)  and  bats  of  many 
species  which  throng  their  recesses,  owls,  and  occasionally  hawks,  are 
met  with.  Several  kinds  of  snakes,  lizards  (  Varamdm  and  OeckoticUe^ 
fish,  and  Crustacea  also  occur,  as  well  as  spiders,  crickets,  and  mjrria- 
poda  {JulidcRy  Oeophilus?  Polydesmue  f)  The  recent  guano  often 
swarms  with  a  slender  yellow  Buiimiis, 

Page  816.  "  No  tradition  is  extant.'* — It  ha»  been  suggested  that  these 
superficial  human  remains  are  the  remains  of  the  Chinese  who  perished 
in  the  insurrection  in  Sarawak  (1857).  Apart  from  the  decayed  con- 
dition of  the  bones,  this  idea  is  inadmissible  for  many  reasons.  It  is 
sufficient  to  mention  the  general  identity  of  the  remains  at  Niah  in 
Brunei  territory  (where  there  is  no  reason  to  suppose  any  Chinese 
were  ever  located)  with  those  of  Ah  up  in  Sarawak. 

Page  316.  *^  No  tribe  makes  habitual  use  of  caves.** — A  very  wild 
tribe  of  Pnnans,  called  by  the  natives  Rock  Pnnans,  who  inhabit  the 
great  Tibang  Mountain  at  the  source  of  the  Rejang  River,  are  popu* 
larly  reported  to  live  in  caves,  being  so  uncivilised  as  not  yet  to  have 
learnt  to  construct  artificial  shelters.  The  head  of  the  Rejang  has 
never  been  visited  by  a  European,  so  that  this  report  is  probably 
incorrect.  Mr.  Hugh  B.  Low,  whose  knowledge  of  the  tribes  of  north- 
west Borneo  is  unequalled,  writes  in  answer  to  my  inquiries  as 
follows : — **  I  do  not  know  of  any  tribe  that  buries  its  dead  in  caves. 
Tana  Nipa,  of  Tatan,  was  buried  in  a  cave,  but  this  was  to  secure  him 
from  his  Dyak  neighbours.  The  Orang  Kaya  Sahgieng  expressed  a 
dying  wish  that  he  might  be  buried  in  Lubang  Danan  in  Ba  Koiat,  but 
it  was  only  in  order  that  he  might  gain  an  additional  claim  to  the  cave 
in  question,  the  ownership  of  which  was  disputed.  The  '  tailed  men  * 
between  Mandai  and  Melani  are  said  to  live  in  caves.'* 


*•  Note  on  the  Collection  of  Bones  from  Caves  in  Borneo,  re- 
ferred to  in  Mr.  Ever».»tt'8  Report  on  the  •  Exploration  of 
the  Bornean  Cave^  in  1878-9.'  "  By  Georoe  Bt^SK,  F.U.S., 
V.P.  Anth.  Inst. 

With  the  exception  of  portions  of  the  lower  jaw  of  a  small  pig,  and 
two  or  three  detached  teeth  of  the  same  animal,  and  some  fragments 
of  pottery,  the  collection  is  composed  entirely  of  human  remains. 

The  bones  are  all  more  or  less  fragmentary  and  vary  very  much  in 
condition,  some  appearing  as  if  they  had  lain  on  the  surface  of  the 
ground,  exposed  to  the  weather,  whilst  others  are  partially  encrusted 
with  a  friable,  argil laceo-calcarcous  stalagmitic  deposit,  admitting  of 
very  easy  removal.  None  of  the  bones,  though  some  are  dry  and 
fragile,  appear  to  be  of  any  antiquity,  and  none  adhere  to  the  tongue. 
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The  remains  are  those  of  at  ieast  five  individDals,  differing  a  good 
deal  in  age  and  probably  of  both  sexes,  but  this  is  not  certain.     They 

1.  KIcvcii  or  twelve  portions  of  the  ekall,  amongst  which  are  fonr 
more  or  less  perfect  temporalH,  of  which  three  Iwiong  to  the  right  side. 
These  bones  are  all  distinguished  by  the  large  size  of  the  mastoid  pro- 
cess ;  in  one  only  does  any  portion  of  the  zygoma  remain,  which  is  of 
slender  conformation.  The  only  other  specimens  belonging  to  the 
cr.vninm  are — 1.  The  face,  with  a  lai^e  part  of  the  forehead  and  the 
orbits  complete.  This  fragment  is  remarkable  for  the  great  com- 
pai'ative  wiiltb  across  the  malar  region,  which  amoanta  to  aboot  5 
inclics,  whilst  the  vertical  length  of  the  face  from  the  fronto-niwal 
snturc  til  the  alveolar  border  is  scarcely  2^  inches.  The  orbits  have 
a  traiisvorse  diameter  of  1"'6,  and  a  vertical  of  l''-25,  giving  an 
oi'bitiil  index  of  '8'S.  The  nose  measnres  l"'8x  l'''I,  affording  a  nasal 
index  of  '01.  The  frontal  overhangs  the  nasals  very  much,  and  the 
frontal  siniiKCS  are  well  developed,  bnt  the  orbital  border  is  not  thick- 
ened. Tlie  alveular  arcli  is  almost  perfectly  semicircular  and  very 
wide.  The  bone  is  further  remarkable  for  the  great  apparent  depth  of 
the  sphenoidal  part  of  the  temporal  fossa,  owing  to  the  sudden  bulging 
of  the  squamosal.  The  specimen  on  the  whole  presents  an  exaggerated 
^lalay  aspect. 

2.  Anollicr  and  the  most  considerable  of  the  crnnia!  specimena 
consists  1  if  the  i^rc^ter  portion  of  acaivaria.  The  entire  face  is  wanting; 
below  the  frouta!  border  of  the  orbits ;  as  Is  aisfi  nearly  the  whole  of 
the  ri'^'ht  siile  of  the  akull.  The  calvaria  is  well  formed  and  evenly 
arched;  the  forehead  upright  and  rounded.  In  the  vertical  view 
(iiiir'ii'i  !■■  rfii'iili')  the  outline  forms  a  regular  broad  oval.  The  eatarea 
are  nil  open  and  for  the  most  part  deeply  serrated.  The  chief  potnta 
t...  ]-,■■  ii..licei!  besides  the  aliove  are  (a)  the  enormous  size  of  tha 
ni;i-.t/)id  ]>i-i>i-ess,  in  a  skull  otherwise  it  may  be  said  of  delicate  oonfor- 
ni.ilioii;  :niil  (A)  the  extraordinary  condition  of  the  foramen  maganm, 
tile  })iM'ili'i'  iif  which  is  so  much  thickened  and  elevated, as  at  first  eight 
hi  ciitjvl'V  I  lie  ini]nVMr!ion  that  the  atlas  was  anchylosed  to  the  occipital. 

'I'lie  1> in  the  surrounding  part  of  the  surface  is  estremely  thin  and 

;i|i|i:iri'ii1ly  ati-ojihicil,  but  there  is  otherwise  no  sign  of  disease. 

from  ils  iinpcrfei:t  condition  this  calvaria  alfords  no  distinotiTft 
i-hanielcri.sncs.  hut  in  one  respect  it  agrees  with  the  facial  speolniea  i 
itiiiivc  dei^i  rilie'd.  viz..  in  the  remarkable  bulging  of  the  anterior  part. 
of  ihe  sipia s;il  wIhtc  it  joins  the  alarsphenoid. 

The  loni;iruilinal  .liumcter  of  this  calvaria  is  7"— its  width  5-25,  Utd  . 
hei^hi  .'i*r,  till'  eiii'uniference  being  20  inches. 

The  oilier  Uines  of  the  skeli'lon  are  represented  by— 

1.  A  clavicle  of  tsmull  size  and  delicate  make,  probably  that  t 


that  of  a        I 
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2.  Two  or  three  fragments  of  the  humerus,  in  one  of  which  the  me- 
dnllarj  cavitj  is  filled  with  root  fibres.  And  in  its  posterior  aspect 
near  the  lower  end  there  are  three  or  four  transTerse  cuts  of  slight 
depth,  and  done  as  it  woald  seem  from  the  chipped  appearance  bjr 
chopping  with  a  sharp  metallic  instrument.  There  is  also  a  deeper 
incision  on  the  external  condyloid  ridge  immediately  above  the  con- 
dyle. 

3.  An  entire  sacrum  and  a  portion  of  the  left  os  innominstum 
probably  of  the  same  individual. 

4.  A  fragment  of  the  right  os  inuominatum  belonging  to  another 
individual. 

5.  Of  bones  belonging  to  the  lower  extremity,  the  collection  includes 
portions  of  four  thigh  bones,  one  with  the  lower  epiphysis  naturally 
detached.  The  tibia  is  represented  by  three  specimens,  none  of  which 
present  anything  worthy  of  remark.  The  only  bone  belonging  to  the 
foot  is  a  first  metatarsal  of  small  size. 

From  the  above  it  will  be  seen  that  these  bones  present  nothing  of 
especial  interest ;  and  with  respect  to  the  race  to  which  they  may  have 
belonged,  the  information  they  afford  is  very  meagre.  On  this  point 
nil  that  can  be  said  is  that  they  may  well  have  belonged  to  the  Malay 
type,  but  there  is  also  no  apparent  reason  why  they  should  not  have 
been  of  Chinese  origin.  What  tends  to  afford  some  support  to  this 
supposition  is  the  marked  fulness  or  bulging  of  the  squamosal  in  the 
sphenoidal  fossa,  to  which  I  have  called  attention,  and  which,  upon 
examination  of  the  collection  of  crania  in  the  Royal  College  of  Sur- 
geons, I  find  is  presented  by  several  among  the  Chinese  crania  in  a 
more  marked  degree  than  in  the  other  races  to  which  my  attention 
directed. 


i22  Dr.  G.  Gore.     Eff&stt  of  ElecU-ic  CarrmU.     [Apr.  22. 

April  22,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  or  Jered  for 


The  following  Papers  were  read : — 

I.  "Effects  of  Electric  CiirrentB  on  the  Surfaces  of  Mutual 
Contact  of  Aqueous  Solutions."  By  G.  GoHE,  LL.D,, 
F.H.S.     Received  March  17.  1S80. 

(Preliminary  Statement.) 

In  the  year  l^*'•0  I  made  the  followii^  eiperiments,  for  the  porpon 
of  aHceitaJiiiu^;  whethur  visible  mOFementa,  Biinilar  to  those  obtained 
by  piiMsinf;  an  electric  current  through  mercury  and  an  aqneoaa 
solution,  could  be  obtained  by  passing  a  current  through  the  BarfacO 
of  mutual  eontnct  of  two  aqaeoos  liquids  alone : — "  lat.  A  definite  layer 
of  oil  of  vitriol  was  pliiced  beneath  a  layer  of  distilled  water  weakly 
aeiduliited  with  snlpliuric  acid,  and  the  terminal  wires  of  a  voltaic 
battery  immersed  in  the  upper  liquid  ;  no  visible  movements  occurred 
at  the  iHtunilary  line  of  the  two  liquids. 

"2iid.  A  lU'iiNe  solution  of  cyanide  of  potassium  was  placed  iu  a  small 
gliiNM  K'aker,  a  few  jiarticles  of  charcoal  sifted  upon  its  surface,  awl  a 
liiyer  of  a<|m'Oiis  iimirionia,  balf  an  inch  deep,  carefully  poured  npon  it. 
A  vcrlical  diaplirn^irn  of  thin  sheet  gutta-percba  was  then  fixed  SO 
as  conipli'tely  tn  div-ide  tlie  upper  liquid  into  two  equal  parts;  tllA 
vesiiel  >v!is  {thxi'd  Jn  a  strong  light,  and  two  horisontal  platimun  n  ' 
eleelrndcri.  fmiii  sixty-six  freshly  charged  Smee's  colls,  were  i; 
orie-oi^'lii  li  oF  an  in<-)t  deep  iu  the  liquid  ammonia  on  each  side  of  tfat'  1 
dia|>hr;ij;iii.  A  i-opiuiis  current  of  electricity  circulated,  but  n 
nieut  ijf  tiir  lji|iiids  at  their  mutual  boundary  line  could  be  detected." 
(Si-e  "Pior.  liny.  Sne.."  Vol.  x,  1800,  p.  235,  par.  9.) 

Keccntly,  ;il>ii,  J  liave  made  similar  eiperiments,  but  in  a  mnt^ 
nioiv  sciinbiiii;  manner,  in  order  to  ascertain  whether  an  electn'o 
current,  ^ia>-,-.iiii;  Ih.'1  neen  two  aqucouB  liquids,  affects  their  diffusion 
into  eiLch  iitlier.  The  essential  difference  in  the  form  of  these  experi- 
ments I'lnm  that  of  the  above-mentioned  ones  was  to  concentrate  the 
aetiou  of  the  eiiriTiit  upon  A  very  much  smaller  surface  of  contact  nf 
ihe   liiiiiid.-,  iind   thus   render  any   viublo  effect  upon   their   diffosii 
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After  making  seyeral  forms  of  apparatus,  in  order  to  obviate  certain 
difficnlties  of  manipulation  which  arose  and  were  fatal  to  success, 
I  found  that,  when  an  electric  current  was  passed  between  the 
surfaces  of  mutual  contact  of  certain  aqueous  solutions  of  different 
specific  gravities,  the  boundary  line  of  contact  of  the  two  liquids 
became  indefinite  at  tbe  surface  where  the  current  passed  from  the 
lighter  into  the  heavier  solution,  and  became  sharply  defined  where 
the  current  left  the  heavier  liquid  and  re-entered  the  lighter  one ;  and 
that  on  reversing  the  direction  of  the  current  several  times  in  succes- 
sion after  suitable  intervals  of  time,  these  effects  were  reversed  with 
each  such  change.  Also,  in  various  cases  in  which  the  contiguous 
boundary  layers  of  the  two  liquids  had  become  mixed,  the  liquids  sepa- 
rated, and  the  line  of  separation  of  tbe  two  solutions  became,  by  the 
infiaence  of  the  electric  current,  as  perfect  as  that  between  strata  of 
oil  and  water  lying  upon  each  other.  In  rarer  cases  two  such  distinct 
lines  of  stratification  appeared.  Other  new  phenomena  were  also 
observed. 

As  I  have  sought,  without  success,  for  any  record  of  previous 
discovery  of  essentially  similar  effects,  and  as  it  is  evident  that  those  I 
have  observed  belong  to  a  large  class  of  similar  phenomena,  I  beg 
leave  to  take  the  earliest  opportunity  of  submitting  this  brief  state- 
ment to  the  Royal  Society. 


II.  "On  tbe  Critical  State  of  Gases.''  By  WiLLUM  Ramsay, 
Ph.D.,  Professor  of  Chemistry  in  University  College,  Bristol. 
Communicated  by  Professor  MiLLS,  F.R.S.  Received 
February  26,  1880. 

In  a  paper  read  before  tbe  Chemical  Society,  in  May,  1879,  I  grave 
an  account  of  a  method  of  determining  what  is  termed  by  Kopp  the 
*'  specific  volumes  *'  of  liquids ;  that  was  shown  to  be  the  volume  of 
liquid  at  its  boiling-point,  at  ordinary  atmospheric  pressure,  obtainable 
from  22,326  volumes  of  its  gas^  supposed  to  exist  at  0°,  Being 
desirous  of  extending  these  researches,  with  the  view  of  ascertaining 
such  relations  at  higher  temperatures,  since  April,  1879,  I  have  made 
numerous  experiments,  the  results  of,  and  deductions  from  which  I 
hope  to  publish  before  long.  The  temperatures  observed  vary  from  the 
boiling-points  of  the  liquids  examint^d,  to  about  60°  above  their  critical 
points ;  and  in  course  of  these  experiments  I  have  noticed  some 
curious  fact«,  which  may  not  be  unworthy  of  the  attention  of  the 
Society. 

It  is  well  known  that  at  temperatures  above  that  which  produces 
what  is  termed  by  Dr.  Andrews  the  ''critical  point'*  of  a  liquid,  the 
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Bubstunoe  is  supposed  to  exist  in  a  pecftliar  condirion,  and  Dr. 
Andrews  purposely  abstained  from  specnlating  on  the  nature  of  the 
niattur,  wlit-tlier  it  be  liquid  or  gaaeoas,  or  in  an  intermediate  condi- 
tion, to  ivliich  no  name  heis  been  given.  As  my  observations  bear 
directly  on  tliis  point,  it  may  be  advisable  first  to  describe  tbe  experi- 
ments I  liave  made,  and  then  to  draw  the  dedactions  which  appear  to 
follow  from  them. 

A  piece  of  barometer  tnbing,  about  3  inches  long,  was  sealed  at  one 
end  and  drawn  into  a  capillary  tabe  at  the  other;  after  being  filled 
with  methyl  formate,  it  was  exhausted,  and  after  two-thirds  of  1^ 
ether  had  evaporated,  was  sealed.  By  this  moans  all  air  was  removed 
from  the  tube,  which  contained  merely  the  ether  and  its  vapour.  This 
tube  iviis  placed  in  a  hole,  drilled  in  a  large  block  of  copper.  Tlrt 
a<;companying  wood-cut  shows  its  cross  section.    The  block  waa  placed 


A.  Hole  for  bi 


lloloii  for  tLor 


in  )in  inclined  position,  so  aa  to  slope  the  barometer  tube  to  an  angle  of 
aboul  '-i'f. 

1.  On  applying  hcnt  the  temperature  of  the  copper  gradually  roae  to 
aSl"--)  (i-<nT.);  during  the  rise  the  meniscns  of  the  liquid  gradually 
K'C.ime  less  enrveil,  and  at  the  above-mentioned  temperature  di»- 
ap|K'ared.  On  cooling  to  218"  a  mist  was  seen  at  the  point  where  the 
meniscus  had  disappeared,  and  the  meniscaa  shortly  afterwards  became 


■J.   Twi.  sill. II 
Other  nii.it.  ,>'i  t 


:■  tubes  were  prepared,  one  containing  less  and  the 
.'  same  ether ;  the  point  at  which  the  meniscufl  difl* 
irm»T  was  228',  and  in  the  latter  215". 
laroiiider  ttihing  wna  bent  into  the  shape — 


lii,uid 


At  ■l-'y'--  the  liiiuid  had  8u  expanded  as  ta  611  the  wlu>l» 
iirii  the  teiiipemlure  of  tlic  portiun  outside  the  heater  coald 
mch  excvded  lUU",  for  it  could  be  freely  handled.  TbB 
nred  in  violeut  motion,  and  on  cooling,  before  a  ineniiKas 
xl,  the  lower  portion  of  the  tube  beoame  611ed  with  miaC 
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As  Boon  as  a  meniscas  was  visible,  the  liquid  boiled  so  violentlj  as  to 
give  the  appearance  of  a  denser  mist. 


4.  A  tnbe  of  the  shape  shown  was  filled  to  the  mark  with  methyl 
formate  and  heated  in  an  inclined  position,  the  portion  containing  the 
liquid  being  the  lower.  The  liquid,  as  usual,  expanded,  and  at  the 
moment  when  the  meniscus  disappeared  it  nearly  filled  the  lower  half. 
The  Bunsen's  burner  below  the  copper  heater  was  then  withdrawn,  and 
on  cooling,  the  liquid  all  condensed  in  the  lower  half. 

5.  The  last  experiment  was  varied  by  tilting  the  heater  after  the 
meniscus  of  the  liquid  had  disappeared,  so  that  that  half  which  had 
contained  the  liquid  was  uppermost.  On  cooling,  the  liquid  condensed 
in  the  upper  half  of  the  tube. 

G.  The  experiment  was  again  varied  by  keeping  the  tube  at  a  tem- 
perature a  few  degrees  above  the  point  where  the  meniscus  vanished, 
for  half  an  hour.  On  cooling,  an  almost  equal  quantity  had  condensed 
in  each  division  of  the  tube.  (During  Experiments  4,  5,  and  6  great 
care  must  be  taken  to  keep  the  heater  from  draughts  of  cold  air, 
otherwise  unequal  cooling  results  and  distillation  takes  place.) 

7.  It  was  noticed  that  that  half  of  the  tube  containing  liquid, 
after  the  meniscus  had  vanished,  appeared  fully  while  the  other 
half  of  the  tube  seemed  to  be  empty.  The  refractive  indices  of  the 
fluid  contained  in  the  tubes  were  therefore  different.  The  por- 
tion of  the  tube  containing  liquid  was  shown  to  be  a  more  powerful 
cylindrical  lens  than  the  empty  portion,  for  on  focussing  a  spot  behind 
the  tube  with  a  microscope,  the  focus  was  shorter  when  the  portion 
which  had  contained  liquid  was  placed  between  the  microscope  and 
the  spot  than  when  the  portion  appearing  empty  was  interposed. 

8.  From  experiments  on  the  expansion  of  liquids  above  their  boiling- 
points,  of  which  numerical  details  shall  be  given  on  a  future  occasion, 
it  appi>ars  probable  that  the  specific  gravity  of  the  hot  liquid,  at  the 
temperature  at  which  the  meniscus  vanishes,  is  identical  with  that  of 
the  compressed  gas  evolved  from  the  liquid.  This  has  also  been 
noticed  by  Ansdell  in  two  cases,  viz.,  hydrog^  chloride  and  acetylene. 

9.  I  am  inclinod  to  believe,  from  observations  on  the  expansions  of 
liquids  at  high  temperatures,  although  they  were  not  expressly  directed 
to  elucidate  this  point,  that  liquids  above  the  temperatures  at  which 
their  menisci  vanish  are  not  uniformly  compressible.  But  as  further 
experiments  are  necessary,  I  mention  this  opinion  with  some  hesita* 
tion. 

From  these  observations  I  would  draw  the  following  inferences  : — 
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Whon  a  liquid  is  heated  tinder  prcssare  it  expands,  and  at  tbe 
lime  evolves  vapour.  T!ie  vapour  gains  in  specific  gravity,  while 
specific  gravitj-  of  tlie  liquid  is  rapidly  diminishing.  Tim  eritieal point 
I'jf  thai  jmiiil  lit  ti-hieh  the  liquid,  oioing  to  erpaimion,  and  the  (jna,  ntuing 
til  cvinjiressioii.  neqinre  the  tame  gfeeific  gnivily,  and  eonisquentty  mim 
T^itk  one  nHoll't:r.  From  the  first  experiment  it  is  seen  that,  on  cooling, 
the  liquid  contracts  more  rapidly  than  the  gas,  and '  consequently 
separates  as  a  mist  through  the  whole  of  the  tube,  and,  from  its 
gravity,  separates  at  the  lower  half.  The  second  experiment  shows 
tliut  when  the  tube  contains  a  small  amoant  of  liquid  the  space  left 
for  g;is  is  larger,  and  consequentlj  more  vapour  mnst  be  given  off  by 
tbe  liquid  lieforc  enough  gus  can  be  compressed  till  it  acquires  tlie 
same  specific  gravity  as  the  liquid;  the  temperature  at  which  the 
mcniscnK  diH.ippe!ii-s  is  conseqncntly  higher.  If  the  Rpact-  Ii'ft  for  gas 
bo  smaller,  the  D]>poaite  ia  tbe  case.  From  tho  third  experiment  it  is 
seen  that  it  iw  pos.-iible  to  raise  tbe  critical  point  of  a  liquid,  provided  H 
portion  be  cimtiLUKiiinly  cooled.  I'rohably  the  averiige  temperature  of 
the  U\t>  i«ii-tioiis  ol'  the  tube  is  about  220°.  The  fourth,  fifth,  sixth, 
and  seventh  e\p<'riments  demonstrate  that  by  suitable  means  it  ia 
]iossilile  to  jirevout,  or  rather  ti>  retard,  the  mixing  of  gas  and  liquid. 
Tlivy  tlieii  rctiiin  their  several  refractive  indices.  If,  however,  titn6 
be  allowed  l^r  diffusion  through  tho  capillary  tube,  the  whole  bocome* 
bomo^'eiieciiis,  and  the  refractive  indices  of  the  fluids  contained  in 
either  poninn  of  the  tube  are  then  identical. 

I  shall  nut  lefor  to  EiperiracntS  until  I  have  madeamore  thorough 
invi'stigiitioii  of  the  subject;  I  venture  to  Btate,  however,  that  it  IouIeB 
jjrobiibh'  tli^it  as  long  aa  gas  ia  being  compressed,  pressure  risM' 
^;r;iduiilly  with  deei'case  of  volnme,  whereas,  even  above  their  critic*! 
])i)ints,  liijuiils  are  comparatively  incompressible,  1  am  iuclined  to 
tliink  tli;ii,  e;nb"iiie  anhydride,  examined  by  Dr.  Andrews,  is  ahnormal 
ill  this  re«]"'ii,  but  of  this  I  am  by  no  means  eertiiin. 

Ill  coiH'lu^liiii,  let  Die  refer  to  apaper  communica'ed  to  the  Society 
by  .Mes-is.  Ibiniiiiy  and  Uogarth  last  October,  entitled  "On  the  Solo- 
liiliiy  lit  Suliils  ill  dii-ii's."     .Should  the  views  of  tbe  subject  suggested 
liy  tlie  aliiivi'  iS[ieiiinenta  be  correct,  it  follows  that  these  gentlemBH 
have  ijliMTvid   iinthiiig  nnusnal,  but  merely  the  ordinary  phenomenflB' 
i.t  suhiblliiy  cif  ii  solid  in  a  hot  liquid.     This  view  is  bame  oot  ^ 
ihcirowii  experiiiienls.      They  found   that  on  reducing  prcsROre, 
is,  on  nlliiwiiig  tlie  li([iiid  to  change  to  gas,  the  Kolid  precipitated; 
nisi)  on   hejitiii;;  the   lube  containing  the   solution  locally,  that  is, 
eiuivertiug   llie    lji|uid   near  tbe  heat«d  point  into  gas,   precipitatii 
u<<A  \i\m-v.     I   liiLve  taken  tbe  liberty  of  repealing  onif  of  their 
pei'inieiits  with  ii  slight  inodificatiou. 

A  tube  shaped  like  that  used  in  Experiment  4,  after  a  small  fng^ 
nient  of  potiisaium  iodide  had  been  placed  in  tbe  lower  compartment. 


the  I 

>oint  '        1 
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was  filled  with  nearly  anhydroas  alcohol :  and  after  rather  more  than 
two-thirds  of  the  alcohol  had  been  evaporated  nnder  reduced  pressure, 
the  tube  was  sealed.  The  lower  portion  of  the  tabe  contained  a  strong 
alcoholic  solution  of  potassium  iodide,  besides  a  small  piece  of  undis- 
solved salt.  Tlie  upper  portion  of  the  tube  was  free  from  alcohol, 
but  its  walls  were  encrusted  with  a  thin  crystalline  film  of  potassium 
iodide.  The  tube  was  heated  in  a  sloping  position,  the  liquid  being 
in  the  lower  half.  After  the  meniscus  had  disappeared,  the  iodide  in 
the  lower  half  of  the  tube  dissolved,  while  the  film  in  the  upper  half, 
even  in  its  thinnest  portions,  remained  unchanged.  On  cooling,  very 
sparkling  crystals  deposited  in  the  lower  half  of  the  tube,  but  no 
glittering  crystals  in  the  upper  half. 

By  repeated  distillation  the  iodide  in  the  upper  portion  of  the  tube 
was  washed  down  into  the  lower  half,  and  when  dry  the  sides  of  the 
upper  tube  were  quite  bright  and  clean.  The  tube  was  again  heated 
in  the  same  position  to  20^  above  the  temperature  at  which  the 
meniscus  had  disappeared.  On  cooling  the  sparkling  crystals  again 
appeared  in  the  lower  tube,  but  not  a  trace  in  the  upper  tube.  To 
eliminate  all  possibility  of  mistake  the  experiment  was  repeated  five 
times  with  the  same  result,  and  finally  the  alcohol  was  distilled  into 
the  upper  tube ;  it  was  then  broken  ofP,  and  its  contents  carefully 
tested  for  iodine  with  sodium  hypochlorite  and  starch-paste.  There 
was  not  the  faintest  blue  colour,  and  it  is  therefore  certain  that 
potassium  iodide  is  absolutely  insoluble  in  alcohol  vapour. 

It  would  be  interesting  to  speculate  on  the  condition  of  a  fluid,  of 
which  two  portions  possess  the  same  specific  g^vity,  but  refract  light 
differently.  Such  speculations  would,  however,  be  premature  in  our 
present  knowledge  of  the  subject. 

In  conclusion,  I  may  remark,  that  Messrs.  Hannay  and  Hogarth 
found  that  the  absorption  spectrum  of  coloured  salts  remains  un- 
altered, even  when  the  liquid  in  which  they  are  dissolved  loses  its 
meniscus.  Surely  no  clearer  proof  is  needed  to  show  that  the  solids 
are  not  present  as  gases,  but  are  simply  solutions  in  a  liquid  medium. 

(Received  March  20,  1880.) 

Since  the  foregoing  was  written,  Professor  Stokes  has  been  so  kind 
as  to  suggest  in  a  letter  to  Dr.  Mills,  some  possible  causes  of  error, 
which  may  be  briefly  catalogued  as  follows : — 

1.  The  tubes  may  have  contain(»d  air. 

That  this  c*annot  have  been  the  case  is,  I  think,  ensurecl  by  the 
method  by  which  they  were  filled.  The  tube  was  completely  filled 
with  liquid,  and  the  liquid  ma<le  to  evaporate  out  under  a  vacuum  of 
25  inches  till  its  volume  had  become  reduced  to  the  required  amount. 
While  the  reduced  pressure  was  sustained,  the  tube  was  sealed  at  the 
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base  of   its  capillary  neck.      It  is  improbftble   that   the  liqnidi 
perinieiited  on  dissolve  air,  for  when  heated,  oo  air-babblea  can  bo 
seen  to  cscapo. 

2.  The  liqiiidH  may  not  have  been  qaite  pnre ;  tfaej  may  not  haV6 
been  absoliitc-ly  free  from  water. 

The  mothyl  formate  nsed  in  the  experiments  presents  no  special 
advantaf,'e  but  that  of  its  meniscua  disappearing  at  a  comjiarfttively 
low  temperature.  It  was  procured  from  Kablbanm,  and  previouH  to 
use  had  benn  distilled  over  metallic  sodium.  Its  boiling-point  was 
absolutely  constant.  Still,  aa  treatment  with  Bodinm  might  have  led 
to  the  formation  of  some  other  componnd  of  nearly  the  same  boiling- 
point,  it  was  redistilled,  in  accordance  with  a  suggestion  of  Professor 
Stokos,  and  the  first  and  last  portions  of  the  ditttillate  were  selected 
for  experiment.  Two  tubes  were  filled  to  as  nearly  the  same  height 
as  could  be  jndgcd  by  eye,  one  with  the  first  portion  of  the  distillate 
and  one  with  the  last.  Both  were  heated  at  the  same  time  in  tbe 
copper  lieater,  and  were  eiactly  similarly  placed  with  regard  to  tlio 
thermometer.  The  temperature  of  the  heater  having  been  raised  till 
tbe  meniscus  had  disappeared  in  both  tubes,  the  source  of  hent  wM 
removed  and  the  heater  was  allowed  to  cool.  Tbe  tube  containing 
the  first  fraction  gave  the  first  symptoms  of  a  cloud,  or  mist,  afc 
21fr4  (eorr.),  aiid  that  rontaining  the  last  fraction  ai  2181  (eorr.). 
The  very  slight  difference  is  doubtless  owing  to  the  two  tubes  not 
containiufi  e.^actly  the  same  amount  of  liquid. 

To  eliminate  any  source  of  error  dependent  on  the  use  of  methyl 
formate,  two  other  substances  were  employed,  viz,,  carbon  dianlphide, 
CS.,,  and  carbon  tetrachloride,  CCI,,.  The  former  of  these  liquids  wa« 
rectified  five  times  over  sodium,  and  then  boiled  at  487  (corr.).  The 
latter  was  ri'ctided  four  times  over  phosphoric  anhydride,  and  boiled 
constantly  al  77-."i   (corr.). 

They  yielded  the  following  results  : — 

Tube  more  Tube  leu 

than  bair  full.  tliui  lulf  fi 

V^ 2827     286-4 

en, 283-3     288-4 

These  rernliiiL's  :ire  ^''^en  tor  the  first  appearance  of  a,  clc 
tubeoii  cdoliiii;.  and  differ  from  tbe  temperature  at  which  the  meniacas 
ilisappiiir.s  by  lieiiii,'  about  half  a  degree  lower.  They  also  do 
iv|>re>iiil  e\tivnic  instauees,  for  in  the  first  cases  the  liqaids  do  not 
entirely  till  ilie  tube,  and  in  the  second  about  half  an  inch  of  liquids 
remains  in  tlie  tul)es  before  it  bi-comea  impossible  to  distinguish  liqaid 

:!.  OwinL'  to  too  rapid  rise  of  temperature,  the  tntjes  and  the  heattir 
may  not  have  been  at  the  same  temperature. 


»^H 
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The  numbers  given  are  not  the  result  of  one  reading,  bat  the  mean 
of  foar  or  five.  The  copper  block,  after  being  raised  to  the  tempera  • 
tnre  at  which  the  meniscus  of  the  liquid  disappeared,  was  allowed  to 
oool  till  a  cloud  became  yisible,  shortly  afterwards  followed  bj  a 
reappearance  of  the  meniscus.  The  temperature  was  again  raised,  and 
so  on,  readings  being  taken  each  time.  Thej  never  differed  by  more 
than  half  a  degree.  The  tubes,  therefore,  must  have  possessed  the 
temperature  of  the  heater. 

The  experiments  described  in  a  former  part  of  this  paper,  relating  to 
the  difference  of  refraction  shown  by  a  liquid  above  its  so-called  critical 
point,  and  the  gas  evolved  from  it,  were  repeated  with  carbon  tetra- 
chloride and  carbon  disulphide,  and  held  good  in  both  cases.  The 
phenomena  observed  differed  in  no  particular  from  those  already 
described. 

In  conclusion  a  few  remarks  on  the  liquefaction  of  the  so-called  per- 
manent gases  may  not  be  deemed  out  of  place.  If  the  deductions  from 
the  above  experiments  be  correct,  it  follows  that  that  form  of  matter 
which  we  call  gas  may  be  converted  into  liquid  by  pressure  alone ;  but  the 
meniscus  will  never  become  visible,  for  the  process  of  change  is  a  gradual 
one.  To  render  the  meniscus  visible,  it  is  necessary  to  take  advantage 
of  the  ^t  that  liquids  under  such  circumstances  have  a  much  greater 
coefficient  of  expansion  by  heat,  and  conversely  a  much  greater  coefficient 
of  contraction  on  withdrawal  of  heat,  than  gases.  It,  therefore,  becomes 
necessary  to  lower  the  temperature  until  the  liquid  by  contraction 
acquires  a  specific  gravity  greater  than  that  of  its  gas,  and  then,  and 
not  till  then,  does  the  phenomenon  of  a  meniscus  become  observable. 


in.  "  Revision  of  the  Atomic  Weight  of  Aluminium."     B7 
J.  W.  MallKt,  F.R.S.     Beceived  March  13,  1880. 

(Abstract.) 

After  remarking  that  there  is  probably  no  one  of  the  so-called 
chemical  elements,  equally  abundant  in  nature  with  aluminium,  and 
occurring  in  as  numerous  compounds,  with  regard  to  the  atomic 
weight  of  which  our  knowledge  has  long  rested  upon  so  slender  a 
foundation  of  accurate  experiment,  the  author  gives  a  brief  statement 
of  prior  determinations,  noticing  in  succession  the  researches  of 
Benelius,  Sir  Humphry  Davy,  Thomson,  Mather,  himself,  Dumas, 
Charles  Tissier,  and  Terreil,  and  quotes  the  numbers  given  in  several 
of  the  more  recent  chemical  handbooks,  reports,  &c. 

He  then  proceeds  to  describe   a  redetermination  of  this  atomic 
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weiglit,  wliich  occupied  a  large  part  of  his  leiHore  time  during'  the 
last  tlii'eo  years.  In  this  investigation,  lie  spared  no  pains  to  attain 
as  prccisi?  a  result  as  possible,  and  aimed  espet^ially  at  the  discovery, 
and  .as  fiir  iis  possible  removal,  of  sonroea  of  error  eonnei;ted  with 
t.lie  luethod^j  employed.     The  follovring  general  principles  were  kept 

1st.  That  ea^h  process  should  be  as  simple  as  possible,  and  shonld 
involve  as  little  iis  poaalble  of  known  liability  to  error. 

'Zm\.  That  different  and  independent  processes  should  he  resorted  to 
as  the  means  of  checking  each  other's  resaltf,  even  though  it  may 
fairly  lie  itssuiiied  that  one  is  more  advantngeoiis  than  another. 

3rd.  Tli;it  I'iich  process  should  be  carried  out  with  quantities  of 
notorial  dill'criiig  considerably  from  each  other  in  auecesaive  ex- 
perinientfi. 

■±th.  That  only  such  other  atomic  weights  shoald  he  involved  as 
luay  be  ooiinted  among  tboae  ali«ady  known  with  the  nearest  approach 
to  accuracy. 

Tlic  most  scrupnious  care  was  taken  in  the  pnriflcatiou  and  ezaoii- 
nation  of  all  the  reagents  need,  and,  ai>  far  as  possible,  vessels  of 
platiniitii  oi-  of  hard  porcelain  were  substituted  for  those  of  glasa. 

In  the  .author's  first  series  of  experiments,  the  alumina  wm  de> 
teruiincd  wliieh  resulted  from  the  ignition  of  a  known  weight  of 

In  the  second  series,  a  solution  was  made  of  a  known  weight  of 
bromide  of  ahimiiiium,  and  was  very  exactly  precipitated  by  a  solution 
of  iiilnite  of  silver,  and  the  weight  of  bromide  of  alaminium  coia- 
paivd  uitli  tliat  of  the  silver  required  for  forming  the  solution  of 

In  the  tliii'd  scries,  bromide  of  aluminium  was  ased  for  the  prop&rft- 
tiim  of  piiiv  idiimiiiium,  by  reduction  by  sodiam  ;  a  carefully  weighed 
portion  ..r  the  pure  aluminium  whs  dissolved  in  a  solution  of  caustio 
soda,  aiiil  tlic  livdiof,'-cn  given  off  waa  estimated  by  volume  ;  or  else 
hui'iii,  mill  ilic  vn-ight  of  resulting  water  determined. 

hi  tlLi-  lolloH-iiig  epitome  of  the  insults,  A,  B,  C  denote  groups  ot 

iNpii' Ills  UTLiliT  each  series,  the  experiments  of  each  gronp  differing 

only  ill  tlir  ipiaiitity  of  material  operated  on,  while  the  diSbreat 
i;nm|is  iIiIIlt  Iil  the  |  hi  i' tic  alar  preparation  nsed,  or  in  some  fcatore  of  ' 
the  iMiilioil,  'I'liiis  in  Series  I,  A  was  made  with  alum  dried  by 
c\|io>iiir  io  air  T'lr  two  hours;  B  with  alum  dried  by  enposnrs  tot 
(wriKv-roar  hours.  In  Series  11,  A,  B,  C  were  mode  with  succesUTe 
|>..rli'His  ot'adi-stillateofbromideof  aluminium.  In  Series  III,  A  w«B 
luiulc  by  .■stiiiiiitin^'  the  hydrogen  by  volnmo,  B  by  estiinatiug  b/ 
w.iL;lii  tlic  water  resulting  from  itji  combnstion.  Only  the  number  ot 
ix|iciiiiiiiiis  in  i>ach  group,  the  moan  result  from  the  gronp,  and  the 
probable  eriiir  <if  the  mean,  are  here  given.  , 
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Series  I. 

A.  B. 

No 6  5 

Mean     27040  27096 

P.  e ±-0073  ±0054 

Series  II. 

A.  B.  C. 

No 3  ......        5  3 

Mean     27034  27023     27018 

P.  e ±-0049 ±0052 ±'0069 

Series  III. 

A.  B. 

No 6         3 

Mean       27005     26*990 

P.  e ±0033    ±0046 

In  view  of  the  gradaal  loss  of  water  which  crystallised  ammonium 
alom  has  been  shown  to  andergo  on  exposure  to  the  air,  the  anthor 
considers  that  of  these  varioas  sets  of  experiments,  Series  I,  B,  is 
entitled  to  least  confidence.  He  is  inclined  to  attach  most  weight  to 
Series  III,  A,  since  the  method  used  was  very  simple  in  principle, 
the  determination  of  one  of  the  two  quantities  concerned  was  rendered 
very  exact  by  the  great  volume  occupied  by  the  hydrogen,  the  com- 
parison was  made  directly  with  the  standard  element  in  our  system  of 
atomic  weights,  and  not  through  the  intervention  of  any  other  sub- 
stance whose  atomic  weight  must  be  assumed,  and  the  agreement 
of  the  results  among  themselves  is  particularly  good. 

The  general  mean  from  all  the  thirty  experiments,  if  all  be  included^ 
is  Al=27*032,  with  a  probable  error  for  this  mean  of  ±'0045.  If 
Series  I,  B,  be  excluded,  the  mean  of  all  the  remaining  twenty-five 
experiments  is  Al= 27*019,  with  a  probable  error  of  ±'0030. 

The  genera]  result  adds,  the  author  hopes,  aluminium  to  the,  un- 
fortunately still  limited,  list  of  those  elementary  substances  whose 
atomic  weights  have  been  determined  within  the  limits  of  precision 
attainable  with  our  present  means  of  experiment. 

This  result  also  adds  one  to  the  cases  already  on  record  of  the 
numbers  representing  carefully  determined  atomic  weights  approaching 
closely  to  integers,  and  leads  the  author  to  say  a  word  on  the  recon- 
sideration of  '*  Front's  Law."  Taking  the  following  18  elements  as 
the  only  ones  of  which  the  atomic  weights  may  be  fairly  considered  as 
determined,  with  reference  to  hydrogen,  with  the  greatest  attainable 
precision,  or  a  near  approach  thereto,  namely  oxygen,  nitrogen,  chlorine, 
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bromine,  iodine,  enlplmr,  potassium,  eodinin,  lilhinm,  silper,  tballiam, 
al  ami  Ilium,  carbon,  phoaphorns,  barinm,  calcium,  magnoaium,  and 
lead,  and  making  a  reasouabl?  altowauce  for  the  errors  of  the  de- 
tcrminatious,  he  calculates  the  probability  that  niue  of  those  numbers 
should  lie,  as  thej  arci  found  to  do,  within  O'l  of  integers,  supposing' 
Hip  value  of  tkc  true  numbers  to  be  determined  by  chance,  and  finds  it 
only  as  1  to  2352.  The  exact  figure  for  the  chance  will  of  course 
depend  upon  the  limit  of  error  taken  ;  but  the  above  example  seems 
sufficient  to  show  that  not  only  is  Front's  law  not  as  yet  absolutely 
overturned,  but  that  a  heavy  and  apparently  increasing  weight  of 
probability  in  its  favour,  or  in  favour  of  some  modification  of  it,  exists, 
iind  demands  consideration. 


I V-  "  Oil  the  Height  of  the  Aiii-ora  Borealis."  By  Warren  De 
La  Rue.  M.A.,  D.C.L.,  P.R.S.,  and  Hugo  W.  Mullkb, 
Ph.D.,  F.R.S.     Received  Api-il  22,  1880. 

Our  expLTiments  on  the  electric  dischai^o,  which  have  been  already 
published  in  the  "Phil.  Trans."  and  the  "Proceedings  of  the  Royal 
Society,"  enable  ua  to  state  with  some  degree  of  probability  the  Imiglit 
wf  the  Aurora  Borealis,  when  its  display  is  of  niaiimum  brilliancy,  and 
■Aao  th<.'  height  at  which  this  phenomenon  could  not  occur  on  aooonat 
'if  the  i^ruat  tenuity  of  the  atmosphere. 

In  Part  I  IT  of  our  electric  researches,  "Phil.  Trans.,"  p.  159,  vol.  171, 
ivo  havf  shown  that  the  least  resistance  to  the  discharge  in  hydrogen 
is  atapressuro  of  Oi}4'2  millim.,  8i5  M  ;  after  this  degree  of  exhaustion 
has  been  i-eaclied,  a  further  reduction  of  pressure  rapidly  increases  the 
rvsisliiTii'L'.  Wlicu  the  eshaastiou  has  reached  0-01)2  millim.,  3  M,  thtt 
ilischiirL.'!'  iiiilj  just  passes  with  a  potential  of  11,000  chloride  of  silver 
irlls  (ll.^tiio  volts);  at  the  highest  exhaust  we  have  been  ablo  to 
obiuin    land    wliich    we   believe   has   not  been    aurpassed),   namely, 

II iii.-|^  t-iillim.,  O-0r>0  M,  not  only  did  11,000  cells  fail  to  produce  a 

iliNoliaiLTi',    l)id.   uvfU   a   1-inch   spark  from  an  induction  coil   could  not 

.Mihipii'^'h  we  have  not  experimentally  determined  the  pressure  of 
lr;t-^t  iTsi,inici>  for  air,  we  hit  vo  ascertained  that  while  the  dischargs 
ncciirs  ill  lijdroiTLTi  at  atmospheric  pressure  between  disks  0-22  indi 
distant,  rWy  iv^uire  to  be  approached  to  0*13  inch  to  allow  the  dis* 
i-lmi'ire  to  Uiki:  pLice  in  air.  We  may  therefore  assume  tliat  th> 
lUfssiire  of  least  resistance  for  air  is 


■r,4'2xl3_ 


:0-3"9  miUim,,  498G  M. 


it  of  :ir-67  miles  above  the  sea  level,  the  atmosphere  waold 
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hATQ  this  preeenre  (negleoting  ohange  of  tomperatnre),  uid  therefore 
the  display  at  this  elevation  vonld  be  of  m&zimam  briUiancy  and 
wonld  be  Tisible  at  a  distaaoe  of  585  miles. 

The  greatest  exhaust  that  ire  hare  prodnced,  0'000055  tnillim., 
(H)66  M,  ooTTCBponda  to  a  height  of  81-47  miles,  and  as  11,000  cells 
failed  to  prodnoe  a  disohai^  in  hydrogen  at  this  low  pressure,  it  may 
be  BMnmed  that  at  this  height  the  discharge  wonld  be  considerably  less 
brilliant,  especially  in  air,  than  that  at  87'67  milc^,  the  height  of  mazi- 
mnm  brilliancy. 

At  a  height  of  12415  miles  the  pressnre  wonld  be  only  000000001 
millim.,  0*00001  M,  and  it  is  scarcely  probable  that  an  electric  di»- 
chai^  wonld  occur  with  any  potential  conceivable  at  snch  a  height. 


The  colour  of  the  discharge  varies  greatly  with  the  tenuity  of  air  or 
other  gas  with  the  same  potential.  Thns  in  sir  at  a  pressure  of  63 
millim.,  81579  M,  the  discharge  has  the  carmine  tint  which  is  so  tn- 
qnently  obttervcd  in  the  display  of  the  Aorora;  this  corresponds  to  an 
altitude  1*2-4  miles,  and  would  be  visible  at  a  distance  336  mill's.  At 
a  prcssnru  of  1'5  millims.,  1974  M,  oorrosponding  to  a  height  of  3086 
miles,  the  diachar^  becomes  salmon  coloared,  having  complett-ly  lost 
the  carmine  tint.  At  a  pressarc  of  08  millim.,  corresponding  to 
:U'06  miles,  the  tint  of  tbe  discharge  is  of  a  p:kler  salmon  colour,  and 
M  the  exhaust  is  carried  further  it  becomes  a  pale  milky  white.  The 
mflcate  and  salmon  coloured  tints  are  always  in  the  vicinity  of  the 
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poaitivo  Bonrce  of  the  electric  current,  the  positive  luminosity  fades 
away  gmdnally,  and  frequently  becooiee  almost  invisible  at  some 
distance  fi'om  its  source;  as,  for  instance,  in  the  hydrogen  dischai^ 
at  a  pressure  of  2'i)  millims.,  3027  M,  shown  in  the  accompanying^ 
figure,  H,  nhii'Ii  resembles  in  some  respects  the  phenonieDa  of  the 
Aurora.  The  discharge  at  the  negative  terminal  in  nir  is  always  of  a 
violet  hue,  and  this  tint  in  the  Aurora  indicates  a  pi-oiimity  to  the 

The  following  table,   with  the  exception  o£  pressure  OUOOOOOOl 
snillim.,  I'xhibite  doductiona  from  actual  observationfl. 


Proiisure 

Pri-H»urc  M- 

Height 
mlleB, 

Visible 
atmilea. 

Koniarkft. 

O-OOOWMXJl 

0-00001 

124.-15 

1061 

No  discburgo  could  uvuur. 

0 -0001155 

0 

066 

81 

■V7 

960 

Fale  and  hint. 

0  -370 

499 

D 

37 

67 

585 

Mttiimam  brilliwii-'j. 

O'SOti 

1053 

0 

33 

96 

556 

Pale  lalQion. 

1-00(1 

1316 

0 

32 

87 

546 

Salmoii  colounil. 

1-500 

lil7* 

30 

66 

529 

a-000 

ll!it.7 

27 

42 

4ffli 

Cn^'miao. 

20-I5RII 

::71»-l 

0 

17 

H6 

403 

62'(.>0li 

M1573 

0 

12 

12 

33S 

118-700 

ir,,;i*t 

" 

U 

sa 

324 

Fuli'pcd. 

\-iiblc  tkiit  the  Aurora  may  occur  at  times  at  an  altitude 
i.ind  (Vet.. 
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Apnl  29, 1880. 
THE  TREASURER  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered 
for  them. 

The  following  Papers  were  read : — 

I.  "  Note  on  the  Spectrum  of  Carbon."     By  J.  Norman 
LooKYER,  F.R.S.    Received  April  8,  1880, 

In  the  year  1878  *  1  commonioated  to  the  Royal  Society  a  paper  in 
which  the  conclusion  was  drawn  that  the  vapour  of  carbon  was  present 
in  the  solar  atmosphere. 

This  conclusion  was  founded  upon  the  reversal  in  the  solar  speotrom 
of  a  set  of  flutingpsi  in  the  ultra- violet. f  The  conclusion  that  these 
flutings  were  due  to  the  vapour  of  carbon,  and  not  to  any  compound  of 
carbon,  was  founded  upon  experiments  similar  to  those  employed  in  the 
researches  of  Attfield  and  Watts,  who  showed  that  the  other  almost 
exactly  similar  sets  of  flutings  in  the  visible  part  of  the  spectnun 
were  seen  when  several  different  compounds  of  carbon  were  exposed 
to  the  action  of  heat  and  electricity.  In  my  photographs  the  ultra- 
violet flutings  appeared  under  conditions  in  which  carbon  was  the  only 
constant,  and  it  seemed  therefore  reasonable  to  assume  that  the  flutings 
were  due  to  carbon  itself,  and  not  to  any  compound  of  carbon. 

Professors  Liveing  and  Dewar  have  recently  on  several  occasions 
called  this  result  in  question.  Professor  Dewar,  in  a  paper  received  by 
the  Royal  Society  on  January  8,  1880,  writes  as  follows : — 

**The  almost  imposHible  problem  of  eliminating  hydrogen  from 
masses  of  carbon,  such  as  can  be  employed  in  experiments  of  this 
kind,  prove  conclusively  that  the  inference  drawn  by  Mr.  Lockyer  as 
to  the  elementary  character  of  the  so-called  carbon  spectrum  from  an 
examination  of  the  arc  in  dry  chlorine,  cannot  be  regarded  as  saiis- 
^Kstory,  $eeing  thai  undoubtedly  hydrogen  was  present  in  the  cctrbonX  used 
as  the  poles.'* 

Subsequently,  in  a  paper  received  by  the  Royal  Society  on 
Febmaiy  2,  Messrs.  Liveing  and  Dewar  wrote  as  follows : — 

•  "  Proc.  Roy.  Soc.,"  toL  27,  p.  308. 

t  The  approximate  ware-length  of  the  brighteet  member  on  the  leaet  refrangible 
edge  b  3881*0. 

X  The  ttalies  are  mine. — J.  N.  L. 
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"Mr.  Lockyer  (' Proc.  Key.  Soc.,'  vol.  27,  p.  306)  has  i-fcenlly' 
obtained  a  photograph  of  the  arc  in  chlorine,  which  shone  tho  acriee 
fluted  bands  in  the  ultra-violet,  on  the  strength  of  which  he  throws 
over  the  conclusion  of  Angetrom  and  Thalen,  and  draws  inferences  as 
to  the  existence  of  carbon  vapoar  above  tho  chromosphere  in  tilt- 
coronal  atmosphere  of  the  sun,  which,  if  true,  wonld  be  contrary  to  all 
we  know  of  the  properties  of  carbon.  We  cannot  help  thinking  thai 
these  baiiih  were  due  to  the  pregeiiee  of  a  small  qiiaiitilij  of  nitrogen."  t 

It  will  bu  aeen  that  on  January  8  Mr.  Dewar  nlono  attributed  tlie 
flutitig.s  to  hydrocarbon,  whilo  on  February  2  Mr.  Dewar,  associated 
with  Mr.  Liveing,  attributed  Ihem  to  a  nitrocarbon. 

In  the  latter  paper  Messrs.  Liveing  and  Dewar  published  some  expe- 
riments on  tlie  spectra  of  various  carbon  compounds,  and  from  their 
observations  they  have  drawn  the  conclusion  that  tho  set  of  fluting^ 
which  I  have  shown  to  be  reversed  in  the  solar  spectram  is  really  due 
to  cyanogen,  and  that  certain  other  seta  of  flutings  ahown  by  Attileld 
and  Watts  to  be  due  to  carbon  are  really  due  to  hydrocarbon. 

As  Mcssi-s,  Liveing  and  Dewar  do  not  controvert  the  very  definite 
conclusions  arrived  at  by  Attfield,  Morren,  Watts,  and  otherB,  I  caa 
only  presume  that  they  )iave  taken  for  granted  that  the  experiioGalAl 
work  porfoi-med  by  these  men  was  tainted  by  the  presence  of  impari- 
ties, and  that  it  waB  impossible  to  avoid  them.  I  have  therefore 
thouglit  it  desirable  to  go  over  the  ground  again,  modifying  the  exps* 
rimentnl  method  so  as  to  demonstrate  the  absence  of  imparities. 
Indeed,  1  have  started  upon  a  somewhat  lengthy  research,  and  llAVe 
taken  a  large  number  of  photographs  under  various  conditions,  sotbst 
to  rcdui'o  tlieni  all  will  be  a  work  of  time,  I  beg  permisaion,  tbere- 
toru.  ill  I  he  meantime,  to  snbmit  to  the  notice  of  the  Society  an  czpeii* 
inent  with  a  tube  containing  CCl^,  which,  I  think,  eatabliahos  the 
conclusions  arrived  at  by  prior  investigators.  And  I  may  add  that  il 
is  the  niiue  iiii])ortant  to  settle  the  qaestion,  as  Messrs.  Liveing  aad 
Dewiir  lia\i'  iJrcady  ba-sed  upon  their  conclusions  theoretical  views  (rf 
a  kind  » Iiieli  appear  to  me  calculated  to  mislead,  and  which  I  coaflidvr 
lo  have  liiiii,'  bfC"  shown  to  be  erroneous. 

As  (riy  resulis,  lo  which  I  now  draw  attention,  simply  endorse  fonnM 
work,  it  is  iiii|iortant  to  state  that  former  work  somewhat  at  length 
anil  ill  the  words  of  the  authors. 

The  pri.ir  wurk  of  Attfield  (in  1862)  will  be  gathered  from  thn 
lullciwing  .stiact  from  his  paper  ("Phil.  Trans.,"  vol.  1.52,  p.  331 

■■  On  recently  reading  Swan's  paper  by  the  light  that  ProfeBBOn 
Butisen  and  Kirehhoff  have  thrown  on  the  subject,  1  came  to  the  con* 
elusion  lliat  tlie.se  bands  must  be  doe  to  incandescent  carbon  vapour; 

•  TliatiB,  iu  1878— J.  N.  L. 

t  Tlie  italin  ftra  mine.—J.  H.  L.  
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that,  if  so,  they  must  be  absent  from  flames  in  which  carbon  is  absent, 
and  present  in  flames  in  which  carbon  is  present ;  that  they  most  be 
observable  equally  in  the  flames  of  the  oxide,  sulphide,  and  nitride  as 
in  that  of  the  hydride  of  carbon ;  and,  finally,  that  they  must  be 
present  whether  the  incandescence  be  produced  by  the  chemical  force, 
as  in  burning  jete  of  the  gases  in  the  open  air,  or  by  the  electric  force, 
as  when  hermetically  sealed  tubes  of  the  gases  are  exposed  to  the  dis- 
charge of  a  powerful  induction  coil.     .     .     . 

'*  To  establish  the  absolute  identity  of  the  hydro-  and  nitro-carbon 
spectra,  excluding  of  course  the  lines  due  to  nitrogen,  they  were 
simultaneously  brought  into  the  field  of  the  spectroscope  :  one  occupy- 
ing the  upper,  and  the  other  the  lower  half  of  the  field. 

''  This  was  readily  effected  after  fixing  the  small  prism,  usually  sup- 
plied with  spectroscopes,  over  half  of  the  narrow  slit  at  the  further 
end  of  the  object-tube  of  the  instrument.  The  light  from  the 
oxyhydrocarbon  flame  was  now  directed  up  the  axis  of  the  tube  by 
reflection  from  the  little  prism,  while  that  from  the  oxynitrocarbon 
flame  passed  directly  through  the  uncovered  half  of  the  slit.  A  glance 
through  the  eye- tube  was  sufficient  to  show  that  the  characteristic 
lines  of  the  hydrocarbon  spectrum  were  perfectly  continued  in  the 
nitrocarbon  spectrum.  A  similar  arrangement  of  apparatus,  in  which 
the  hydrocarbon  light  was  replaced  by  that  of  pure  nitrogen,  showed 
that  the  remaining  lines  of  the  nitrocarbon  spectrum  were  identical 
with  those  of  the  nitrogen  spectrum.  In  this  last  experiment  the 
source  of  the  pure  nitrogen  light  was  the  electric  discharge  through 
the  rarefied  gas. 

'*  The  above  experiment  certainly  seemed  to  go  far  towards  proving 
the  spectrum  in  question  to  be  that  of  the  element  carbon.  Never- 
theless, the  ignition  of  the  gases  having  been  effected  in  air,  it  was 
conceivable  that  hydrogen,  nitrogen,  or  oxygen  had  influenced  the 
phenomena.  To  ehminate  this  possible  source  of  error,  the  experiments 
were  repeated  out  of  contact  with  air.  A  thin  glass  tube  1  inch  in 
diameter  and  3  inches  long,  with  platinum  wires  fused  into  its  sides, 
and  its  ends  prolonged  by  glass  quills  having  a  capillary  bore,  was 
filled  with  pure  dry  cyanogen,  and  the  greater  portion  of  this  gas  then 
removed  by  a  good  air-pump.  Another  tube  was  similarly  prepared 
with  olefiant  gas.  The  platinum  wires  in  these  tubes  were  then  so 
connected  with  each  other  that  the  electric  discharge  from  a  power- 
ful induction-coil  could  pass  through  both  at  the  same  time.  On  now 
observing  the  spectra  of  these  two  lights  in  the  simultaneous  manner 
previously  described,  the  characteristic  lines  of  the  hydrocarbon 
spectrum  were  found  to  be  rigidly  continued  in  that  of  the  nitro- 
carbon. Moreover,  by  the  same  method  of  simultaneous  observation, 
the  spectrum  of  each  of  these  electric  flames,  as  they  may  be  termed, 
was  compared  with  the  corresponding  chemical  flames,  that  is,  with 
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the  oxyli yd ro carbon  and  oxynitrocarboQ  jeta  oF  gas  bnming  i 
Tlie  characteristic  lines  were  present  in  every  caac.  Lastly,  by  simitar 
later- observation  a  few  other  lines  in  the  electric  Bpectrom  of  the 
hydrocarbon  were  proved  to  be  dnc  to  the  presenco  of  hydrogen,  and 
several  others  in  the  electric  epectrum  of  the  nitrooarbon  to  he  caosed 
by  the  presence  of  nitrogen 

"  The  Bpectnim  nnder  invostigfttion  having  then  been  obtained  in 
one  case  when  only  carbon  and  hydrogBn  were  present,  and  in  another 
when  all  elcmentB  hut  tarbgn  and  nitrogen  were  absent,  fnmisheB,  to 
my  mind,  suiBcient  evidonco  that  the  spectrom  is  that  of  carbon. 

"  But  an  interesting  confirmation  of  the  conclnsion  jngt  stnttid  is 
found  in  the  fact  that  thn  Harae  speetrnm  ia  obtained  when  no  other 
elements  bnt  carbon  and  oxygen  are  present,  and  alao  when  carbon 
;ind  sulphur  are  the  only  elements  under  examination.  And  first  with 
regard  to  carbon  and  osygen.  Carbonic  oxide  burned  in  air  gives  a 
flame  possessing  n  continnouK  npoctrnm.  A  mijcture  of  carbonic  oxide 
and  oxygen  burned  from  a  plat  in  nm- tipped  sftfety-jet  also  givea  a  moro 
or  lens  continuous  specti-nm,  but  the  light  of  the  upeetrnm  has  a 
tendency  to  (,'roup  itself  in  ill. defined  ridges.  Carbonic  oxido,  however, 
ignited  by  the  electric  discharge  in  a  semi-vacnous  tube,  gives  a  bright 
ihai-p  spectrum.  This  8i>cctram  was  proved,  by  the  sinialtaneoiM 
method  of  observation,  to  be  that  of  carbon  plus  the  spectmm  of 
oxygen.  With  regard  to  ciirbon  and  sulphnr  almost  the  same  remarks 
may  be  madiv  Bisulphide  of  carbon  vapour  burns  iii  air  with  a  blniah 
rtanic.  Its  spectrum  is  continuons.  Mixed  with  oxygen  and  bnmed 
at  the  safefy-jet,  its  flame  still  givea  a  continuous  spectmm,  thougli 
iiioru  distinctly  furrowed  than  in  the  case  of  carbonic  oxide ;  bnt  when 
ignited  by  the  electric  current  its  spectrum  is  well  defined,  and  !a 
that  of  carbon  plus  the  sulphur.  That  is  to  say,  it  is  the  apectmm  of 
(^irlion  plus  the  spectmm  that  is  obtained  from  vapour  of  sulphur 
whfu  i^_'Tiiteil  by  the  electric  diBchaige  in  an  otherwise  vacuous  tohe, 

"  Having  thus  demonstrated  that  dissimilar  compounds  containiaj; 
cJirbon  emit,  wln-n  sufficiently  ignited,  similar  rays  of  light,  I  come  ^ 
the  ciindusioii  tli;it  those  raya  are  characteristic  of  ignited  carbon 
vapour,  and  that  the  phenomenon  they  give  rise  to  on  being  rcfraotod 
by  u  prism  is  the  spectmm  of  carbon." 

Tlie  ouly  ivfercnci'  to  this  admirable  work,  in  which  vacnnm  tnbos 
and  ihe  electric  discharge  were  largely  employed,  which  I  can  fiad  Ifi 
Messrs.  Dewar  and  Ijiveing's  paper  is  the  following : — '•  The  speotmm 
of  hydrocarbon  hiirniiii^  in  air*  has  boon  .  .  .  dofioribed  .  ,  .  .  by 
Attfield.- 

In  Ih'Ki  Morrcn  wrote  :t — 

''  A  la  reception  de  cet  intcresaant  et  Bnbslantiol  U^oire,  j'aTOU 
•  Tlic  iluliii  an-  mine. — J.  N.  L 
+  '■  Aimali-s  dp  Chemie  et  de  Phyriqoo,"  *  »«rio.  tome  it,  pp.  309.  all. 
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que  je  ne  regardai   pas  d*abord  comme  fondeo    rassertion   de  M. 
AttBeld 

**  Je  me  Buis  done  mis  an  travail  aveo  la  pensee  pr6coii9Tie  de  com- 
battre  rassertion  emise  par  le  savant  Anglais;  mais  pas  dn  ioni,  il 
rdsnlte  an  eontraire  des  experiences  auzqnelles  je  me  snis  livre  que 
M.  Attfield  a  raison,  et  que  e'est  bien  la  yapenr  du  carbone  qui  donne 
la  spectre  indiqne  pins  hant 

*'  Si  on  fait  briiler  le  cyanogene  an  mojen  dn  chalnmeaa  k  denx 
oonrants,  en  faisant  arriver  an  centre  de  la  flamme  dn  cjanogene  an 
oonrant  d'oxygene  tres-pnr  (oette  condition  est  indispensable)  on  voit 
se  prodnre  nn  des  plus  beanx  effets  de  combustion  possible,  et  cette 
experience  est  certainement  une  des  plus  magnifiques  qn'on  pnisse 
realiser  sur  la  combustion  des  gaz.  II  se  prodnit,  an  milieu  de  la 
flamme  ros^-violdtre  dn  cyanogene,  une  boule  d*an  blanc  vert  6bonlis- 
sant  qui  rappelle  la  lumi^re  electriquc  prodnite  par  le  courant  de  la 
pile  entre  deux  charbons  de  cornne.  Si  le  spectroscope  est  dirig6  sur 
(^tte  brillante  Inmiere,  on  aper^oit,  aveo  une  splendour  merveilleuse, 
le  mdme  spectre  de  la  partie  bleuo  des  flammes  hydrocarbur^es.  Ainsi 
done  c'est  du  cbarbon  seul,  mais  k  T^tat  de  vapeur,  qui  forme  cette 
boule  brillante  qui  plus  loin,  par  son  union  avec  Toxygene,  va  passer  a 
r^tat  d'acid  carbonique.  Du  reste  ce  spectre  n*est  pas  seul ;  avec  lui 
on  voit,  mais  tres-effacc,  le  spectre  special  du  cyanogene,  et  celui-ci 
tend  de  plus  en  plus  k  disparaitre  k  mesnre  que  Toxygene  arrive 
aveo  plus  d*abondanco  ct  brulc  dc  mieux  en  mieux  le  cyanogene. 
Quant  an  spectre  de  Tazote,  on  ne  raper9oit  pas  dans  cette  vive 
Inmi^re.  Le  magni6que  eclat  de  co  beau  spectre,  le  plus  beau  qu'il 
m'ait  ete  donne  de  voir,  permet  dc  bien  comprendre  Taspect  creus6  et 
ombre  avec  niie  tcinte  croissante  qu^on  remarque  dans  les  parties  qui 
n'ont  pas  de  raies  brillantes,  et  memo  entre  ces  raies.** 

Fonr  years  later  Dr.  Watts  took  up  the  question,  and  in  1869  hia 
work  was  thus  summarised  by  himself  :  * — 

'*  This  spectrum  (that  consisting  of  the  flutings  in  question)  may 
be  obtained  from  the  flame  of  any  hydrocarbon,  though  in  many  cases, 
owing  to  the  faintness  of  the  spectrum,  <^Iy  some  of  the  groups  can 
be  recognised.  In  the  flame  of  an  ordinary  Bunsen  burner  d  uid  c 
are  easily  seen,  7  and /are  much  fainter,  and  the  red  group  cannot  be 
detected. 

^^  This  spectrum  is  proved  to  be  that  of  carbon,  inasmuch  as  it  can 
be  obtained  alike  from  compounds  of  carbon  with  hydrogen^  with 
nitrogen,  with  oxygen,  with  sulphur,  and  with  chlorine,  I  have  obtained 
it,  namely,  from  each  of  the  following  compounds : — OleBant  gas, 
cyanogen,  carbonic  oxide,  naphthalin,  carbonic  disulpbidc,  carbonic 
tetrachloride,  amy  lie  alcohol,  and  marsh-gas.'* 


•  « 
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addition  to  that  or  tbose  which  give  us  the  line  Bpectrum,  »nd  tliat  tbe 
tcnaioQ  of  the  current  used  now  brings  one  set  of  (lutings  into  promt. 
nence,  and  now  another. 

I  have  ao  often  taken  occasion  to  refer  with  admiration  to  the  work 
of  Angstrom  and  Thalen  that  I  shall  not  he  misunderstood  when  I  say 
that  thcif  conclnsions,  to  whioh  snch  prominonoe  \&  given,  and  on 
whicli  such  great  stress  is  laid,  by  Messrs.  Liveing  and  Dowar,  rests 
more  upon  a  theory  which  has  been  shown  to  bo  talsesince  the  laboan 
eommcnced  and  analogy  than  upon  experiment. 

Their  work,  undertaken  at  a  time  when  the  existence  of  so-called 
"  double  spectra"  was  not  established  upon  the  firm  ha^is  that  it  fans 
now,  and  when  there  was  no  idea  that  the  spectrum  recorded  for  ttB 
the  results  of  successive  dissociations,  gave  the  benefit  of  the  donbt  in 
favour  of  flutings  being  due  to  compnunda,  and  it  waa  thought  leBB 
improbable  that  cyanogen  or  acetylene  shoold  have  two  spectra  tbao 
that  carbon  or  hydrogen  shoald  possess  them. 

These  views  wore  accepted  by  myself  until  years  of  work  and  ex- 
ptTicncc  had  shown  them  to  be  untenable,  and  later  researches  have 
throvvn  doubt  upon  the  view  that  the  Anted  spectra  of  aluminium  and 
niagiiosium  arc  entirely  due  to  the  oxides  of  those  metals  instead  of  to 
the  metals  thcmselvea — and  this  is  the  very  basis  of  the  analogy  wtuish 
Aiigstroiu  and  Thalun  employed. 

l''i-om  what  I  havL'  shown  it  will  be  clear  that  the  consequences  drftwn 
ill  the  following  paragraphs*  by  Messrs.  Liveing  and  Dowar  frura  tlu 
as.suiaed  hydrogen -carbon  bands  are  entirely  invalid. 

"  Till'  siniiliirity  in  the  character  of  the  magnesium -hydrogen 
s[)ectrum,  which  we  have  dcficribod,  to  the  green  bands  of  the  hydR»> 
carbons  is  very  striking.  Wo  have  similar  bright  maxima  of  ligbL 
snccocili/d  by  long  drawn-out  aeries  of  fine  Unca,  decreasing  in  in^. 
tensily  towards  the  more  refrangible  side.  This  peculiarity,  oommau' 
to  both,  i[i![iels  the  belief  that  it  is  a  consequence  of  a  similari^  of- 
constitution  in  the  two  cases,  and  that  magncsiom  forme  with  hydro*' 
gen  a  compound  analogous  to  acetylene.  In  this  connexion  the  verr 
simple  irlation  (:i  :  1)  between  the  atomic  weights  of  magnesinra  and 
carbon  is  worthy  of  note,  aa  well  as  the  power  which  magnesinm  hw, 
in  common  with  carbon  as  it  now  appears,  of  combining  directly  with 
nitrogen.  We  may  with  some  reason  espeot  to  find 
uilrogen  spectrum. 

"The    interest   attaching   to  the   question   of  the  conatitntioa  ^ 

comets,  especially  since  the  disooTery  by  Huggins  that  the  spectim  rf. 

various   dime t a   are   all    identical    with    the   hydrocarbon    spectfiUB, 

naturally  leads  to  aome  speculation  in  connezioa  with  conaluBions  to 

•  Fkper  read  February  2, 1880.  ^^ 
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Liveing  and  Dewar,  are  due  to  hydrocarbon,  and  the  set  of  flntings 
which  is  reversed  in  the  snn,  and  ascribed  by  Messrs.  Liveing  and 
Dewar  to  cyanogen,  also  appear  in  a  photograph  of  the  violet  end  of 
the  spectrum.  On  connecting  a  Ley  den  jar  with  the  coil  and  then 
passing  the  spark  the  flutings  almost  entirely  vanish  and  the  line 
spectra  of  chlorine  and  carbon  take  the  place  of  the  flutings  without 
either  a  line  of  hydrogen  or  a  line  of  nitrogen  being  visible. 

As  a  long  experience  has  taught  me  that  these  tubes  oflen  leak 
slightly  at  the  platinums  after  they  are  detached  from  the  pump,  I 
took  the  occasion  afforded  by  a  visit  of  Dr.  Schuster  to  my  laboratory 
while  the  experiments  were  being  made  to  get  my  observations  con- 
firmed. He  has  been  good  enough  to  write  me  the  following  letter, 
and  to  allow  me  to  give  it  here : 

«*  March  21. 

**  My  dbab  Lockyer, — The  following  is  ta  account  of  the  experiment 
which  1  saw  performed  in  your  laboratory  on  Monday,  March  15> : — 

**A  tube  containing  carbon  tetijiohloride  was  attached  to  the 
Sprengel  pump.  As  exhaustion  proceeded  the  air  was  gradually  dis- 
placed by  the  vapour  of  the  tetrachloride.  The  electrodes  were  a  few 
millimetres  apart.  If  the  spark  was  taken  without  a  condenser  in  the 
vapour  the  well-known  carbon  bands  first  discovered  by  Swan  in  the 
spectrum  of  a  candle  were  seen  with  great  brilliancy ;  I  also  saw  the 
blue  band  which  you  said  was  identical  in  position  with  one  of  the 
blue  bands  seen  in  the  flame  of  cyanogen  or  in  the  spectrum  of  the 
electric  arc.  When  the  condenser  and  air-break  were  introduced  this 
spectrum  g^ve  way  to  a  line  spectrum  in  which  I  could  recognise  the 
lines  of  chlorine.  The  lines  of  nitrogen  were  absent^  not  a  trace  of  the 
principal  double  line  in  tlie  green  being  seen.  The  hydrogen  line  H«(C) 
was  faintly  visible  when  I  first  observed  the  spectrum,  but  it  got 
gradually  weaker  and  finally  disappeared  altogether.  When  this  line 
was  no  longer  visible  the  condenser  was  taken  out  of  circuit  again,  and 
the  same  carbon  bands  were  seen  as  before.  These  bands,  therefore, 
show  themselves  with  great  brilliancy  when  a  strong  and  powerful 
spark  does  not  reveal  the  presence  either  of  hydrogen  or  nitrogen. 

"  (Signed)    Abthub  Schuster.*' 


This  result,  which  entirely  endorses  the  work  of  Attfield  and  Watts, 
has  been  controlled  by  many  other  experiments.  I  have  also  repeated 
Morren's  experiment  and  confirmed  if,  and  I  have  also  found  that  the 
nndoubted  spectrum  of  cyanogen  is  visible  neither  in  the  electric  arc 
nor  in  the  surrounding  flame. 

I  hope  to  show  in  the  complete  paper  that  the  various  difficulties 
which  have  always  been  acknowledge  to  attend  observations  of  this 
substance  may  in  all  probability  be  due  to  the  fact  that  the  sets  of 
carbon  flutings  represent  different  molecular  groupings  of  carbon,  in 
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addition  to  that  or  those  which  ^ve  as  tho  line  spectroin,  and  that  the    I 

tension  of  the  corrcnt  used  now  brings  one  sot  of  flutings  into  promi- 
nence, and  now  another. 

I  have  so  often  taken  occasion  to  refer  with  admiration  to  the  work 
of  Angstrom  and  Thalen  that  I  shall  not  be  mia understood  when  I  eay 
that  their  conclasiona,  to  which  such  prominence  iH  given,  and  OB 
which  such  great  stroHs  is  laid,  by  Mesars,  Liveing  and  Dcwar,  reste 
more  upon  a  theorywhich  has  been  shown  t«  bu  false  since  the  laboara 
commenced  and  analogy  than  upon  eiperimenl. 

Their  work,  undertaken  at  a  time  when  the  oiistonee  of  so-called 
"  double  spectra  "  -was  not  established  npon  the  firm  basis  that  it  has 
now,  and  when  there  was  no  idea  that  the  spectrum  recorded  for  us 
the  results  of  successive  dissociations,  gave  the  benefit  of  tlio  doubt  in 
favour  of  flutinga  being  duo  to  compouDds,  and  it  was  thought  leaa 
improbable  that  cyanogen  or  acetylene  should  havo  two  spectra  than 
that  carbon  or  hydrogen  should  possess  them. 

These  views  were  accepted  by  myself  nntil  years  of  work  and  e^ 
pcricncc  bad  shown  them  to  bo  untenable,  and  later  researches  hava 
thrown  doubt  upon  the  view  that  the  tinted  spectra  of  aluminium  and 
magnc')«ium  arc  entirely  due  to  the  osides  of  tlioao  metals  instead  of  to 
the  mi-tals  themselves — aud  this  is  the  very  basis  of  the  analogy  wUoh 
Angstrom  and  Thalen  employed. 

From  what  I  have  shown  it  will  be  clear  that  the  COnse(|UQUcea  drMftt 
in  the  fallowing  parivgraphs*  by  Messrs.  Liveing  and  Dowar  from  Uu) 
assume<l  hydrogen-carbon  bands  are  entirely  invalid. 

"The  similarity  in  the  character  of  the  magneBinm-hydrogMt 
Mpi'ctrum,  which  wc  have  described,  to  the  green  bands  of  the  hydro- 
caHions  U  very  striking.  We  have  similar  bright  maKima  of  ligb^ 
Muccei'di'd  by  long  drawn-out  aeries  of  fine  lines,  decreasing  in  Ml*' 
tensity  towards  the  more  refrangible  aide.  This  peculiarity, 
tu  Imth,  impels  the  belief  tbat  it  is  a  consequence  of  a  similarity  ojt' 
es,  and  that  magnesium  forms  with  hydro-' 
to  acetylene.  In  this  eonnoxion  the  Teiy. 
reen  tho  atomic  weights  of  magucaium  and 
s  well  as  the  power  which  magnesium  haa, 
it  now  appears,  of  combining  directly  witfa 
flome  reason  expect  to  find  a  magnednm- 

"  The   inti-Tcst  attaching  to  the   question  of  tho  constitution   <jEl 
comets,  e)i]>eciully  eince  the  discovery  by  Huggins  that  tho  spactift  of '^ 
various   Ciimcts   arc   all    identical    with    the   hydrocarbon    RpeotraiBi 
latunilly  leads  to  some  speculation  in  connexion  vrith  conclnBtons  to 
"  P»per  TMd  Fobmarj  8, 1880. 
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which  onr  experiments  point.  FVovided  we  admit  that  materials  of  the 
oomet  contain  ready  formed  hydrocarbons,  and  that  oxidation  may 
take  place,  then  the  acetylene  spectmm  might  be  produced  at  com- 
paratively low  temperatures  without  any  trace  of  the  cyanogen  spec- 
tmm or  of  metallic  lines.  If,  on  the  other  hand,  we  assume  only  the 
presence  of  uncombined  carbon  and  hydrogen,  we  know  that  the 
acetylene  spectrum  can  only  be  produced  at  a  very  high  temperature, 
and  if  nitrogen  were  also  present  that  we  should  have  the  cyanog^ 
spectrum  as  well.  Either,  then,  the  first  supposition  is  the  true  one, 
not  disproving  the  presence  of  nitrogen,  or  else  the  atmosphere  which 
the  comet  meets  is  hydrogen  only,  and  contains  no  nitrogen." 


IL  **  Ou  the  Diurnal  Variation  in  the  Amount  of  Carbon 
Dioxide  in  the  Air."  By  GEORGE  Frederick  Armstrong, 
M.A.,  F.G.S.,  C.E.,  Professor  of  Engineering  in  the  York- 
shire College,  Leeds.  Communicated  by  Professor  THORPE, 
F.R.S.     Received  April  12,  1880. 

Although  a  largo  share  of  attention  has  heen  given  to  the  elucidation 
•of  the  causes  which  influence  the  amount  of  carbonic  acid  present  in 
the  atmosphere  during  the  day,  no  systematic  observations  with 
reference  to  the  relative  quantities  present  in  the  air  of  the  land  during 
the  day  and  the  night  appear  to  have  been  undertaken  since  the  well- 
known  experiments  of  the  younger  De  Saussure  at  Chumbeisy,* 
upwards  of  50  years  ago  (182t>-d0),  and  a  similar  set  by  Boussingault 
at  Paris, t  a  few  years  later,  until  M.  Trochot^  took  up  the  question  in 
1873.  But  the  results  thus  obtained  cannot  be  said  to  be  altogether 
satisfactory. 

On  the  other  hand,  the  question  as  to  the  existence  of  a  diurnal 
variation  in  the  amount  of  carbonic  acid  in  sea-air  may  be  said  to  have 
been  fully  worked  out  and  set  at  rest  by  the  caref  al  and  extensive  set 
4>f  observations  made  some  years  ago  by  Dr.  Thorpe§  on  the  air  of  the 
Irish  Sea  and  Atlantic  Ocean.  His  results  went  to  show  that  no 
appreciable  diurnal  difference  exists. 

As  regards  a  diurnal  variation  in  the  case  of  land-air,  the  re^ts  of 
De  Saussure  are  somewhat  contradictory ;  and  latterly,  what  he  him- 
self considered  as  *'  one  of  the  most  remarkable  results  "  in  the  whole 
range  of  his  inquiries — the  discovery  of  a  distinct  diurnal  variation  in 
the  amount  of  carbonic  acid — has  been  regarded  as  but  very  imper- 
fectly established. 

De  Saussure  published  his  first  set  of  results  which  were  deduced 

•  "  Ann.  de  Chim.  et  de  Phyt.,"  Tob.  xxzriii  (1828)  and  xUt  (1830). 

t  "Ann.  de  Chim.  et  de  Phjs./'  [3],  10  (1844). 

t  -  Compt.  Rend.."  77,  676. 

§  ••  Journ.  Chcm.  Soc.,"  [12],  t.  189. 
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from  eipcriments  extendiog:  over  the  previous  four  or  five  years,  i 
1828,  Among-  these  were  nine  day  and  an  eiguHl  namber  of  ni^ht 
observations.  The  latter  showed  an  escesB  of  072fl  vol.  of  CO,  i 
10,OCMJ  vols,  of  air  over  those  of  the  day,  and  it  was  upon  this  some- 
what limited  basis  that  he  was  led  to  affirm  the  eiiBtcnco  of  a  diorDKl 
vFiriation,  His  csact  figures  are,  for  the  day,  b'037  vols.,  and  for  the 
night,  5704  vols.  CO,  in  10,000  of  air. 

Ill  1830  he  published  a  further  set  of  reaulta,  among  which  i 
some  esperimeiila  not  mode  with  the  primary  object  of  eBtablisfaio^ 
this  variation,  bnt  for  the  pnrpoee  of  finding  the  difference  betwMOl 
tiie  amounts  of  carbonic  acid  in  the  air  of  a  town  (Geneva)  and  of 
tho  n]icn  country.*  There  were  in  all  13  auch  oxi)eriment8  extending 
over  parts  of  two  years  C182?-28),  eight  of  which  had  reference  to  tJte 
day  mid  Ave  to  the  night.  Upon  examining  these  a  diametrioallj 
npjiosilc  rcsnlt  to  his  former  one  is  obtained.  The  mean  of  tkostt 
made  in  the  country  gives,  for  tlie  day,  4'45  vols.,  and  for  tho  tught, 
4-0'2  vfils,  f'O^  in  10,000  of  air ;  thus  showing  an  excess  of  0'43  v 


lay. 


The  cxpci-imcntal  evidence  as  to  the  existence  of  a  diurnal  variation.' 
in  the  umiiuut  of  atmospheric  carbon  dioxide  was  therefore  iao 
cluBive,  and  I  accordingly  undertook,  at  Dr.  Thorpe's  suggestion,  t 
with  his  collaboration,  to  carry  out  a  series  of  oheervationa  ^t^i 
direct  reference  to  the  question  at  Qrasmere  in  Westmoreltt&df .' 
during  the  aumiuer  and  antumn  of  1879. 

Up  tu  this  lime  tho  state  of  our  knowledge  concerning  a  diarml  , 
Viirial  i<iiL  in  iIil'  amount  of  atmospheric  carbon  dioxide  may  be  said  (o 
hi.'  coiiijii'ii.cd  id  the  following  statement. 


Vola.  of  CO.  in  10,000  of  A; 
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The  method  of  estimation  which  J  employed  consisfed  in  absorbing 
the  carbonic  acid  from  a  known  volume  of  air  by  means  of  baryta 
water  of  known  strength,  the  amount  of  carbonic  acid  so  absorbed 
being  determined  by  titrating  the  alkaline  fluid  with  a  standard  aoid 
solution,  1  cub.  centim.  of  which  was  approximately  equal  to  1  mgrm.  of 
GO2.  This  method  is  generally  known  as  Pettenkof  er's,  but  it  is  worth 
noting  that  it  had  been  used  by  Dal  ton  as  far  back  as  1802.*  It  is 
particularly  well  adapted  to  the  end  I  had  in  view,  for  it  is  not 
merely  the  most  expeditious  of  the  processes  hitherto  devised,  but  it 
allows  of  the  observations  being  made  under  strictly  comparative 
conditions. 

The  observations  to  which  this  communication  refers  were  made  in 
a  garden  at  Grasmere  situated  at  the  foot  of  a  hill  some  1,300  feet  or 
1,400  feet  high,  and  which  lies  only  a  few  feet  above  the  level  of  the 
adjacent  lake,  which  is  208  feet  above  that  of  the  sea. 

They  were  commenced  on  the  21st  July  and  continued  to  the  25th 
October;  the  whole  summer  and  autumn  being  of  an  exceptionally 
wet  and  sunless  character.  It  was  originally  intended  to  pursue  the 
observations  ^^de  die  in  diem  "  until  a  sufficient  number  were  obtained 
to  furnish  a  trustworthy  averse  for  comparison ;  but  the  weather 
proved  such  as  to  render  this,  if  not  impracticable,  at  least  undesir- 
able owing  to  the  difficulty,  especially  at  midnight,  of  filling  the  jars 
with  air  in  the  open  without  at  the  same  time  admitting  a  few  drops  of 
rain  also,  even  although  the  greatest  care  was  used  in  the  operation. 

Whenever,  therefore,  any  such  danger  owing  to  the  state  of  the 
weather  seemed  imminent,  and  that  there  was  therefore  a  chance  of 
the  error  so  occasioned  creeping  into  the  experiments,  the  observation 
for  the  particular  time  was  abandoned.  In  some  instances  by  slightly 
varying  the  times  chosen  for  the  observations  (noon  and  midnight)  it 
was  found  possible  to  include  some  that  otherwise  must,  for  the  fore- 
^ing  reason,  have  been  omitted.  And,  with  but  few  exceptions,  the 
slight  differences  as  to  time  observable  in  the  accompanying  tables  are 
to  be  attributed  to  this  cause. 

The  place  chosen  for  collecting  the  air  for  examination  was  a  nook 
on  the  lawn  upwards  of  100  feet  from  the  house  and  almost 
entirely  surrounded  by  trees,  shrubs,  and  flowers ;  the  plants  being 
ddefly  the  following,  namely  :  pine,  yew,  holly,  laurel,  hawthorn, 
mountain  ash,  rhododendron,  geranium,  rose,  phlox,  and  azalea. 

The  air  was  taken  at  from  four  to  five  feet  from  the  ground  and 
always,  with  one  or  two  exceptions  noted  in  the  tables,  at  the  same 
place.  On  two  or  three  occasions  it  was  taken  near  a  conservatory, 
by  well  lighting  the  interior  of  which  it  was  possible  to  dispense  with 
the  lamp  otherwise  employed  when  filling  the  jars  at  night;  and  thus 

•  Dr.  Angui  Smith,  **  Air  and  Bain,*'  p.  US  et  ttq. 
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it  was  possible  to  aatertain  wliether  any  errore  were  being  introdia 
thereby. 

The  jars  used  for  coliecting  the  oir  were  the  ordinary  spice  jaia^ 
the  confectioners,  but  of  a  somewhat  nauenally  large  eiie  and  wj| 
mouths  sufficieatly  wide  to  readily  admit  the  hand  for  cleanaing  ag 
drying.  The  latter  was  effected  by  means  of  clean  linen  clotha  special 
kept  for  the  puqjose.  The  moutha  of  the  jars  were  easily  and  tightl 
closed  with  Jennings'  tin  and  india-mbber  capsnies. 

The  jars  employed  were  four  in  number,  and  w^ere  distingnisBed  ^ 

A,  H,  C  ;ind  D.     Their  available  capacities  were  as  follow  :—  M 

A=14,2f;0  cnb.  centims.         B=14,845  cub.  centime.  % 

C=^14,90Ji  cub.  centims.         D= 1 3,385  cnb.  centims.  \ 

The  quantities  of  air  experimented  upon  are  tbna  very  consideral 
indeed  the  jars  are  by  far  the  largest  hitherto  employed  in  Bimil&r 
vestigations   since  De   Saossnre  nsed  a  globe  of   34  litres ;  while 
ai-c  nearly  double  the  capacity  of  those  used  by  Dr.  Thorpe  in. 
Atlantic  und  Irisli  Sea  experiments. 

The  increased  quantity  of  air  thus  taken  for  examination 
will  be  seen,  tend  to  enhance  the  value  and  accuracy  of  the 
since  tbu  ]iossibility  of  detecting  any  differences  that  may  exist  tn 
amounts  nf  carbonic  acid  present  in  the  air  during  the  day 
night  is  tlicreby  p^eatly  increased. 

The  mode  of  filling  the  jars,  tile  interiors  of  which  were   previoosl 
carefully  dried  iind  polished,  was  partly  by  blowing  the  air  into  thei 
with  a  iari^i'  pair  of  ordinary  kitchen  bellows  and  partly  by  violeii 
tos.-iing  tlietti  to   and  fro;    but  a  t«st  experiment  showed    that  j 
latter  tiieniis  was  ulone  sufficient  for  the  purpose. 

Uat'yta  ivatei',  the  strength  of  which  was  frequently  tested,  waa 
to  absorb  the  carbonic  acid,  and  75  cub.  centims.  were  introduced 
eaeli  jar.     This  quautity  was  chosen  to  allow  of  a  daplioate  titcst 
of  'J.'j  cub.  ccntimH.  in  each  experiment. 

Alirr  being  tilled  with  air  and  the  baryta  water  added,  the  ^ 
wiTi'  well  Kliakcn  and  rolled  on  their  sides  so  as  to  cover  their  intsf 
hurfai-LS  with  the  biiryta,  solution,  and  they  were  then  allowed  toata 
mil  less  tiian  fciur  hours.  Several  test  exfperiments  sliowed  thntH 
titni'  was  Milliciciit  to  effect  the  maximum  absorption  of  the  carbCD 
aci.l.soattiLlnablc. 

Two  jai'K  at  least  were  filled  at  each  observation,  and  wherever  1 


r  only  are  noted  in  tbe  tables  the 
cither  in  the  filling,  or  at  a  subsequent  stage 


jn 


The  cxpo.snre  of  the  baryta  water  being  completed,  the  contrnt^j 
cacli  jar  were  quickly  decanted  into  a  sloppered  bottle  and  allowad 
stand  until  the  liqnid  was  perfectly  clear.     And  this  wu  found  to  t 
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point  of  importance,  inasmuch  as  the  precision  with  which  the 
titration  point  can  be  fixed  is  largely  dependent  npon  there  being  no 
carbonate  in  suspension. 

The  acid  used  in  titration  was  a  standard  solution  of  sulphuric  as 
used  hy  Dalton,  1  cub.  centim.  of  which  was  equal  to  1  mgrm.  of 
carbonic  acid.  This  was  substituted  for  the  oxalic  acid  as  recommended 
by  Pettenkofcr  owing  to  its  greater  stability. 

The  point  of  neutrality  was  ascertained  by  means  of  a  dilute  alco- 
holic solution  of  pure  aurin ;  a  definitely  measured  quantity  being  em- 
ployed in  each  titration. 

The  results  thus  obtained  and  set  forth  in  the  following  tables, 
fully  establish  the  existence  of  a  diurnal  variation  in  the  quantity  of 
carbonic  acid,  the  night  average  exceeding  that  of  the  day  by  0*34 
cub.  centim.  in  10,000  of  air;  the  quantities  respectively  being  very 
nearly  in  the  ratio  of  90  to  100.  These  figures  are,  as  will  be  seen, 
based  upon  53  day  and  62  night  experiments ;  there  being  27  com- 
plete day  and  29  complete  night  observations. 

The  details  of  the  experiments  contained  in  the  accompaying  tables 
are  arranged  in  the  following  order : — 

Column  (1).  Number  of  the  observation. 

„       (2).  Date  of  the  observation. 

„        (3).  Hour  at  which  the  observation  was  made. 

„        (4).  Barometric  reading. 

^^'  >  Thermometric  reading :  dry  and  wet  bolb. 

(7).     State  and  direction  of  wind,  when  observable. 

(8).-> 

(9).  I 
^10^    >Jars  employed  and  results  obtained  from  each. 

(11)J 

(12).     Special  remarks. 

(13).     General  meteorology  at  the  time  of  observation. 
(14).     General  meteorology  of  the  preceding  day  or  night,  if 
important. 


19 

99 
99 
99 
99 
99 
99 
99 
99 


On  looking  over  the  day  experiments,  the  averages,  it  will  be  seen, 
are  low  as  compared  with  those  of  the  older  experimenters,  the  final 
average  being  only  296  vols,  of  carbonic  acid  in  10,000  vols,  of  air. 
But  it  is  extremely  interesting  to  compare  this  result  with  thofie 
obtained  by  Scbulze  at  Rostock*  during  the  years  1868-71.  His 
figures  are,  as  averages : — 

•  "  W»fctt*  Chcm.  Diet.,"  Suppl.  Ill,  118. 
VOL.  ZXX.  2  B 
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Vols,  of  0(^  IB 

10,000  Tol*.  of  si 

IfiCS  (October  to  December)  incInfiiTB 2-8943 

18fi",'  (January  to  December)  incInsiTe 2'8658 

1870  (Jimnary  to  December)  inclusive 2-9052 

1^71  (January  to  July)  inclasive 3-0126 

These  give  .-i  final  average  on  the  four  years  of  lll?2^=2-92  ' 

i 

CO.  as  against  2-96  voIb,  COg  in  10,000  of  sir  obtained  in  the  pM  ^ 
instance;  a  difference,  that  is,  of  only  0O4  vol.  COj  in  10,000  of  a 
This  close  correspondence  between  the  results  is  impoitBut  ^ 
account  of  the  method  of  determination  pursued  being  essentially  ^ 
same  in  each  case,  with  the  exception  that  Schulze  employed  jamd 
only  4  litres  rapacity  aa  compared  with  14  litres  in  the  present  caasJ 

but  what  is  cliiefly  interesting  in  this  comparison  arises  from  tfi 
fact  of  these  low  averages  obtained  by  Schulze  having  been  attribatw 
to  the  contij.'nit_v  of  Boatock,  where  the  eiperinients  were  made,  to  tin 
sea.  Tlicy  approximated  so  closely  to  Dr.  Thorpe's  Atlantic  resulW 
for  the  day,  namely,  3011  vols.  CO9  in  10,000  of  air,  that 
lowncss  WHS  generally  regarded  aa  being  due  to  the 
iiir,  and  this  solution  has  been  the  more  forcibly  urged  also  o' 
tlio  fact  that,  in  using  a  modern  method  of  determination,  an 
of  yir  siiiiiliti-  experiments  made  at  Duhmef  by  Fittbogo] 
lias-clljarth,  lias  been  found  to  give  as  much  as  3-34i  vols.  COj,  m^ 
17  other  dcti^rminationa  made  by  Henneberg  at  Weend,  an 
Gotlin.L'cn,:  VrJ.  vols.  COj  in  10,000  vols,  of  air,  while  Truchot  ^ 
obtained  c<irisiilcriil)ly  higher  figures  still.  Jm 

A  siiniliir  explanation  might  with  equal  plausibility  be  appliedtJ^ 
Hk'  low  lesnlls  nuiro  recently  obtained  by  Reiselg  in  the  open  coante" 
ni'ui-  l)ic|i|"'.  Vov,  although  he  employed  the  more  perfectly  abisorblo| 
method  ol  tlio  aspirator  and  Woulfe's  bottles,  and  for  the  remund^ 
followed  I'etii'tikofer'a  plan  of  determination,  yet,  as  a  mean  of  9) 
cx|iei-inieiLl.s  niadi;  between  September,  18?2,  and  August,  187i{,  hii 
Hvcray-e  is  only  -JWS  Vols.  OOj  in  10,000  of  air.  This  result,  it  will  bl 
sci'ii,  agrc<'s  in  a  still  more  remarkable  manner  with  that  arrived  at  in  thi 
(irasnicre  rxpcriinenls,  the  difference  between  tiio  two  avei-agea  hftiiM 
only  Odis  vol.  CO,  in  10,000  of  air.  Bat  the  sea-air  esplanation  ou 
scarei'ly  lie  so  eonlidently  relied  upon  in  the  latter  instance  as  in  atom 
of  ilic  others.  Rostock  and  the  place  at  which  the  air  was  coliectoc 
near  llicpiK',  arc  both  close  to  the  sea,  the  one  on  the  embouchure  of  thi 
Nebcl,  and  the  other  not  more  than  5  miles  from  the  coaat.    Gnumi 
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on  the  other  hand,  is  fully  20  miles  distant  ftrom  the  sea  along  the 
most  direct  line  that  can  bo  drawn.  From  this,  then  we  may  infer 
that  there  may  possibly  be  other  causes  which  tend  to  reduce  the 
amount  of  carbonic  acid  present,  supposing,  that  is,  that  the  results  in 
question  do  materially  differ  from  the  normal  state ;  an  assumption 
which,  as  regards  the  open  country,  has  not  yet  been  clearly  esta- 
blished. 

The  most  distinct  climatological  peculiarity  of  Ghrasmere  may  be 
said  to  be  its  rainfall,  which,  during  such  a  year  as  last  when  the 
observations  in  question  were  made,  might  have  risen  to  120  or  130 
inches,  and  it  is  situated,  moreover,  within  6  or  7  miles  of  a  point  on 
the  Sty- Head  Pass  which  has  the  largest  rainfall  in  the  British  Isles, 
an  average,  that  is,  of  17t5,  or  in  bad  years  such  as  last,  of  200  inches 
per  annum,  while  the  general  average  for  Great  Britain  is  under 
30  inches.  A  glance  at  the  temperature  columns  in  the  tables  will 
show  how  frequently  the  point  of  saturation  was  practically  reached 
during  the  observations. 

It  is  hardly  possible,  however,  that  the  diminished  quantity  of  the 
carbonic  acid  is  due  to  the  solution  of  this  gas  in  rain-water.  It  is 
well  known  that  the  amount  of  any  gas  absorbed  by  water  is  a  function 
of  the  pressure  which  it  itself  exerts ;  and  it  may  be  readily  shown 
that  the  actual  pressure  of  the  carbonic  acid  in  the  atmosphere  is  far 
too  small  to  exert  any  sensible  influence  upon  its  amount  in  the  air. 
If  this  explanation,  therefore,  of  a  diminished  quantity  of  carbonic 
acid  is  no  longer  available,  may  we  not  possibly  turn  to  the  operation 
of  such  an  exceedingly  active  vegetation  as  is  found  in  some  parts  of 
the  English  Lake  District  as  a  more  feasible  cause  of  any  observed 
reduction  in  its  amount  ?  For  we  are  not  without  evidence,  as  some 
further  experiments  shortly  to  be  described  as  well  as  those  of 
M.  Beiset,  near  Dieppe,  appear  to  indicate,  that  this  may  after  all  be 
the  chief  disturbing  agent. 

But  to  return  to  the  point  of  chief  importance  in  connexion  with  the 
experiments  at  Grasmere,  the  unquestionable  evidence,  that  is,  ihtj 
afford  of  an  appreciable  diurnal  variation  in  the  amount  of  atmospheric 
carbonic  acid. 

The  only  results  with  which,  in  reference  to  this  point,  it  is  worth 
while  to  compare  them,  are  those  of  M.  Truchot  made  at  Clermont 
Ferrand,  Auvergne,  in  1873.  With  these,  although  they  agree  as  to  the 
main  fact  of  the  existence  of  a  diurnal  difference,  they  nevertheless 
disagree  considerably  as  to  its  amount. 

M.  Truchot,  for  instance,  as  shown  by  the  table  (ante,  p.  344), 
has  detected  a  diurnal  variation  in  air  taken  in  the  neighbourhood 
of  vegetation  and  in  sunshine — in  a  position  that  is  presumably 
identical  with  that  in  which  the  Grasmere  observations  were  made — 
of  as  much  as  2 '34  vols.  COg  in  10,000  of  air,  while  in  a  position  even 
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uusuTTounded  by  vegetafcion  the  diurnal  difference  ia  aa  hig 

vol.  CO..  in  10,000  of  air.     These  results  compared  with  that  obttii 

rit  Gi-iismere— a  diurna!  variation,  mnuelj,  of  0'34  vol.  COj  i 

ijf  air — seem,  to  point  to  some  cause  of  variance   nnconnectod  ■ 

either  climate  or  local  conditionB. 

Anil  now  that  the  existence  o£  a  diomal  variation  may  bo  said  4 
be  fully  c'stablisbcci,  the  question  as  to  upon  what  tho  diSereDO 
obriiTved  depends  still  remains  to  be  answered.  That  in  the  main  i 
in  dai'  to  plant  action  seems  more  than  probable.  And  in  order  to  tes 
the  acce]>ted  theory  that  plants  absorb  carbonic  acid  during  the  dq 
and  esliuJt:  it  at  night — to  establish  which  most  clearly  be  a  first  st«| 
in  the  evidence  in  pi'oof  of  a  connexion  between  vegetable  activi^  aiu 
a  diurnal  variatioti  iu  the  quantity  of  atmospheric  carbon  diozidtt-4| 
bliort  series  of  experiments,  ten  in  all,  was  made  at  Grasmere  gd 
currently  with  those  an  account  of  which  has  already  been  given,    t 

But  bl'fore  entering  into  a  description  of  these  it  will  be  OBefalfl 
refer  to  the  somewhat  recent  experiments  of  M,  Reiset*  Tilrmm 
mentioned,  whith  wen;  made  in  the  neighbourhood  of  Dieppe  in  1831 
in;ismiifh  ns  tbey  directly  bear  upon  the  point  in  qnestion.  Bt 
usiiig  Pettoukofcr'a  method  with  aspiration,  found  that,  in  air  talcen  il 
the  daytime  over  a  field  of  red  clover  in  the  mouth  of  June,  there  ■wem 
only  2-8SI8  vols.  CO.i  in  10,000  of  air  present  as  compared  with  2-91J 
vols,  in  jur  taken  isimultaneoasly  iu  the  open ;  and  that  in  the  air  oWl 
a  barley  field  in  July,  there  were  ouiy  2'829  vols,  as  compared  vlil 
'■iV^'i  vols,  in  that  of  the  open ;  or  a  reduction  in  the  air  takea  oMJ 
tile  crops,  in  one  imse  of  0017  vol.  of  oarbonio  acid,  aud  in  the  otber'fl 
iJ-Uji  vol.  in  lO,000  of  air  as  compared  witli  that  taken  in  the  OpJ 
Nevertbi'Iess,  in  a  leafy  coppice  ho  obtained  what  at  first  irigjd 
ii]i]>i'ared  to  be  somewhat  contradictory  results.  In  this  poBitiou  flj 
air  <,''ave  a  larger  quantity  of  carbonic  acid  ttian  that  simultaDeoon 
taken  iu  the  open.  That  taken  in  the  coppice  was  fonnd  to  cxurlijp 
•2;n<7  vols,  iu  10,M00  of  air,  while  that  of  the  open  only  yielded  3^ 
vols,  in  the  same  quantity  of  air.  Tho  espianation  of  this  seeming 
:iiii>i[ia)j-  niiiy  possibly  be  found  in  the  fact  of  a  diminished  quantity  oJ 
li;;h(  existing  witliin  the  coppice. 

Fur  the  purpnse  of  tlio  supplementary  experiments  to  wbieb  refer^ 
iTiiT  has  Ixvn  made,  a  fine  and  healthy  yoaug  geranium  plant  w^ 
si.'lci'ti'd,  due  ro;rard  being  had  to  the  ertent  of  its  leaf-surface.  IhSi 
\s:1!n  sus]iL'iiik'<l  day  and  uigbt  alternately  in  a  jar  of  air  suffioieBlf| 
Irii-^'i'  to  coniaiu  it,  the  mouth  being  closed  as  already  described  M 
on,'  of.l,.iiiHUf;s'  capsules.  ^ 

The  tiiiifs  i'h<isrn  for  the  experiments  were  from  7  A.M.  to  7  Vjj 
tor  tho  ility,  and  from  7  p.u.  to  7  A.ti.  for  the  night.     When  the  plakd 
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was  removed  from  the  jar,  baryta  water  was  introduced  and  well 
shaken,  and  after  standing  a  sufficient  time  to  effect  the  absorption  of 
the  carbonic  acid  was  titrated  in  the  usual  manner. 

The  results  obtained  were  highly  interesting,  but  it  would  not 
at  present  be  prudent  to  speak  of  them  except  in  general  terms.  It 
will  suffice  to  say  that  the  experiments  showed  that  if  the  plant  did 
not  actually  absorb  carbonic  acid  during  the  day,  it  exhaled  none; 
while  at  night  large  quantities  were  so  got  rid  of — thus  fully  sub- 
stantiating the  generally  accepted  view  of  the  matter  in  point. 

As  a  mean  of  seven  night  experiments  made  between  23rd  August 
and  29th  September,  there  were  12*18  vols.  CO^  in  10,000  of  air 
found  in  the  jar.  The  largest  quantity  present  was  14*9  vols.,  and  the 
least  9' 13  vols,  in  10,000  vols,  of  air.  The  former  was  at  an  early 
period  of  the  experiments,  the  latter  towards  their  close  when  the 
plant  had  lost  a  few  of  its  leaves  and  was  beginning  to  show  a  dimi- 
nished activity  generally. 

Summarising  the  results  contained  in  this  communication,  it  may  be 
stated — 

(1.)  That  the  normal  amount  of  carbonic  acid  present  in  the  air  of 
the  land  is  distinctly  less  than  that  usually  stated,  and  that  it  does 
not  exceed  3*5  vols,  in  10,000  of  air. 

(2.)  That  plants  absorb  carbonic  acid  during  the  day  and  exhale  it  at 
night,  and  that  vegetation,  therefore,  affects  the  quantity  of  carbonic 
aoid  present  in  the  air,  decreasing  it  by  day  and  increasing  it  at 
night. 

(8.)  That  from  this  cause  there  is,  during  that  part  of  the  year 
when  vegetation  is  active,  at  least  10  per  cent,  more  carbonic  acid 
present  in  the  air  of  the  open  comtry  at  night  than  during  the  day. 


III.  "  MecuBurement  of  the  Actinism  of  the  Sun's  Kays  and  of 
Daylight."    By  Dr.  R.  Angus  Smith,  F.R.S. 

(Preliminary  Notice.) 

When  examining  the  air  of  towns  and  the  effect  of  smoke  and  fogs, 
I  have  often  wished  for  a  very  simple  chemical  method  of  measuring 
the  total  light  absorbed  by  these  gases,  vapours,  and  floating  solids.  I 
do  not  undervalue  the  work  of  others,  but  I  think  I  have  obtained  a 
prooess  promising  good  results  with  great  simplicity,  although  I  dare 
say  it  introduces  its  own  class  of  difficulties. 

1.  The  fundamental  fact  is  that  when  iodide  of  potassium  in  solution 
is  treated  with  nitric  acid,  so  small  in  quantity  as  to  cause  no  change 
of  colour  in  dull  diffused  light,  a  change  takes  place  when  the  same 
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uusiirrouiidecl  by  vegetation  the  dinrnal  difEcronce  is  as  Iiigh  ae  O'fi 
vol.  CO,  in  lU,O0t»  of  air.  These  results  compnred  with  that  oblaine 
at  Grrismcre— a  diurnal  variation,  namely,  of  O'S*  vol.  CO,  in  lO^ 
of  air — seem  to  point  to  some  cause  of  variance  nncounected  wfl 
eithei'  climate  or  locjivl  conditions.  J 

And  now  that  the  existence  of  n  diurnal  variation  may  be  saidJI 
be  fully  established,  the  question  as  to  upon  what  the  diSeraaij 
observed  depends  still  remains  to  be  answered.  That  in  tbe  matoi 
iK  duo  to  plant  action  seems  more  than  probable.  And  in  order  to  tafl 
the  accepted  theory  that  plants  absorb  carbonic  acid  during  the  d|f 
:iud  eslioJo  it  at  night — to  establish  which  must  clearly  be  a  first  sttl 
ill  the  evidence  in  proof  of  a  connexion  between  vegetable  actirity  «"" 
a  diurnal  variation  in  the  quantity  of  atmospheric  carbon,  diaxidft> 
short  series  of  experiments,  ten  in  all,  was  made  at  Grasmere  i 
currently  with  those  an  account  of  which  Las  already  been  giren.    ' 

IJut  before  entering  into  a  description  of  these  it  will  be  n 
refer  to  the  somewhat  recent  CKperimenta  of  M,  Beiset*  atreaj] 
mentioned,  wliith  were  made  in  the  neighbourhood  of  Dieppe  in  187S 
iuiismueh  as  tbey  directly  boar  upon  the  point  in  question.  He 
using  Pe  I  ton  kofer's  method  with  aspiration,  found  that,  in  air  taken  ii 
the  daytime  over  a  field  of  red  clover  in  the  mouth  of  June,  there  wep 
only  -l-iim  vols.  CO5  in  10,000  of  air  pi-esent  as  compared  vrith  2-9U 
vols,  in  ail'  taiien  aimultaneoQsly  in  the  open ;  and  that  iu  the  air  on 
!i  biirli-y  held  in  July,  there  were  only  2*829  vols,  as  compared  will 
:;-;i:>:J  vols,  iu  that  of  the  open ;  or  a  reduction  in  the  air  taken  ( 
tilt'  ci'ops,  in  one  case  of  0'017  vol.  ofcarbonic  acid,  and  in  the  othari 
0'lu4  vol.  in  lU,0O0  of  air  as  compared  with  that  taken  iu  the  opi 
N'c  vert  he  less,  in  a  leafy  coppice  he  obtained  what  at  firet  1 
Jijipeiired  to  lie  somewhat  contradictory  results.  In  this  position  tl 
iiir  fjiivc  a  larger  quantity  of  carbonic  acid  than  that  simultaneoliBlj 
hikcti  in  the  open.  That  taken  in  the  coppice  was  found  to  contait 
•l-y.>7  vi.iis.  iu  lu,a00  of  air,  while  that  of  the  open  only  yielded  2'9M 
vols,  ill  the  Kiimt  qnantity  of  air.  The  explanation  of  this  rntnTjjj 
iiiiDmidv  limy  possibly  be  found  in  the  fact  of  a  diminished  quantity^ 
M^lit  I'xinliiij,'  within  the  coppice. 

Fill-  the  purpose  of  the  supplementary  experiments  to  which  refer 
I'liet'  liiis  IxK'U  made,  a  tine  and  healthy  young  geranium  plant  wm 
si'Iri'tt'd,  due  re[;ard  being  had  to  the  extent  of  its  leaf-surface.  Thii 
\\;is  fiu^iR'tiileii  diiy  and  night  alternately  in  a  jar  of  air  sufficionti 
l:ii-^'c  til  eimliiin  it,  the  mouth  being  closed  as  already  describedl 
one  of  JiuiiinfTs'  capsules. 

The   limes  chiisen   for  the  experimonta  were  from  7  A.M.   to  7  ». 
t'ur  the  diiy,  and  fi-om  7  P.M.  to  7  A.M.  for  the  night.     When  the  pla 
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was  removed  from  the  jar,  barjta  water  was  introduced  and  well 
shaken,  and  after  standing  a  sufficient  time  to  effect  the  absorption  of 
the  carbonic  acid  was  titrated  in  the  usual  manner. 

The  results  obtained  were  highly  interesting,  but  it  would  not 
at  present  be  prudent  to  speak  of  them  except  in  general  terms.  It 
will  suffice  to  say  that  the  experiments  showed  that  if  the  plant  did 
not  actually  absorb  carbonic  acid  during  the  day,  it  exhaled  none; 
while  at  night  large  quantities  were  so  got  rid  of — thus  fully  sub- 
stantiating  the  generally  accepted  view  of  the  matter  in  point. 

As  a  mean  of  seven  night  experiments  made  between  23rd  August 
and  29th  September,  there  were  12'18  vols.  CO3  in  10,000  of  air 
found  in  the  jar.  The  largest  quantity  present  was  14*9  vols.,  and  the 
least  9' 13  vols,  in  10,000  vols,  of  air.  The  former  was  at  an  early 
period  of  the  experiments,  the  latter  towards  their  close  when  the 
plant  had  lost  a  few  of  its  leaves  and  was  beginning  to  show  a  dimi- 
nished activity  generally. 

Summarising  the  results  contained  in  this  conununication,  it  may  be 
stated — 

(1.)  That  the  normal  amount  of  carbonic  acid  present  in  the  air  of 
the  land  is  distinctly  less  than  that  usually  stated,  and  that  it  does 
not  exceed  3*5  vols,  in  10,000  of  air. 

(2.)  That  plants  absorb  carbonic  acid  during  the  day  and  exhale  it  at 
night,  and  that  vegetation,  therefore,  affects  the  quantity  of  carbonic 
acid  present  in  the  air,  decreasing  it  by  day  and  increasing  it  at 
night. 

(8.)  That  from  this  cause  there  is,  during  that  part  of  the  year 
when  vegetation  is  active,  at  least  10  per  cent,  more  carbonic  acid 
present  in  the  air  of  the  open  comtry  at  night  than  during  the  day. 


III.  "  Measurement  of  the  Actinism  of  the  Sun's  Kays  and  of 
Daylight."    By  Dr.  R.  Angus  Smith,  F.R.S. 

(Preliminary  Notice.) 

When  examining  the  air  of  towns  and  the  effect  of  smoke  and  fogs, 
I  have  often  wished  for  a  very  simple  chemical  method  of  measuring 
the  total  light  absorbed  by  these  gases,  vapours,  and  floating  solids.  I 
do  not  undervalue  the  work  of  others,  but  I  think  I  have  obtained  a 
pifooess  promising  good  results  with  great  simplicity,  although  I  dare 
say  it  introduces  its  own  class  of  difficulties. 

1.  The  fundamental  fact  is  that  when  iodide  of  potassium  in  solution 
is  treated  with  nitric  acid,  so  small  in  quantity  as  to  cause  no  change 
of  colour  in  dull  diffused  light,  a  change  takes  place  when  the  same 
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49  C.C.  of  A  with  1*0  c.c.  of  B ;  colour  after  40  minntes ;  ^  Sunshine  and 
48-8  „  1-2  „  „  35       „        >       cloud 

48*5  „  1*5  „  „  30        „        J    alternately. 

48*5  „  1*5  „  .  in  the  diffused  light  of  the  laboratory ; 

no  colour  after  4  hours. 


»> 


Here  we  have  action  in  sunlight  in  proportion  to  the  acid.  The 
acid  gives  delicacy.     The  light  commences  the  chemical  action. 

Examples  in  which  the  decomposition  was  measured  by  ^  solution 
of  hyposulphite  of  sodium,  which  may  be  called  solution  C=0*1  grm. 
per  litre  of  iodine  (or  as  convenient).  I  shall  extract  experiments 
made  with  B  solution  0*8  cub.  centim.,  because  it  is  an  intermediate 
one  (*2,  *4,  '8,  1*6,  and  3*2  have  hitherto  been  the  favourites). 
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B  sol. 

Measure  bj  0  solu- 
tion (hyposulphite). 

Mmr.    3 

..      4 

»      5 

»    s 

..      9 
M     10 

.,     11 
„    12 
»    13 
»    15 
»    16 
»    18 
H     19 

„  «o 

April   1 

Sunshine  and  cloud 

altematelj 

Sunshine       

Dull  all  day 

Sunshine       

A  little  sunshine  .... 
Foggj,  with  a  gleam 

of  sunshine 
Bright   

X   xxxxx   xxxxxxxxx 
6   66666   666666666 

After  2^  hours 

. . 
„      4       „ 
u     2^     „ 
»      2k     » 
,.     6       „ 

»     3       ,. 

„     2^     .. 
»     2k     „ 
„     2k     » 
»      2k     „ 
»      2k     „ 

„           2k         M 
,*          2k         M 

81.  First  colour 
in  20" 

First  cobur  in  SO' 
0-9 

7*5.  Colonr  in  2(f 
4*8 
1-6 

7-2 
0-6 

Faint  trace 
1-8 
16 
6-8 
11-5 
3-2 
1-6 

DuU  and  wet 

Dark  and  dull 

Changeable 

Changeable 

Sun  through  haze. . . . 
Bnght   

Fog  till  11.30 

Sun  and  showers .... 

Example  of  one  day*s  observations  showing  the  measured  amounts 
after  2^  and  7  hours.  C  solution  gives  the  proportion  of  light  effect. 
The  Hght  varied  from  hour  to  hour. 

March  18th.     Sunny. 
C  sol.  required  after  C  sol.  required  after 


Biol. 

0  *2  c.c. 

0*4 

0-8 

1-6 

S-2  „ 

6*4 


i> 


»i 


»» 


»> 


2^  hours. 
1  -25  C.c. 
41 

5-8 

9-8 
12-8 
17-8 


7  hours. 

5  '2  c.c. 
11  1 
17-5 
27  0 
33-3 
34-8 


»» 


»> 


}« 


tt 


»» 


The  rate  of  increase  of  decomposition  requires  to  be  learned,  also  the 
most  conyenient  solutions  of  B  for  every  light  and  perhaps  temperature. 
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Prof.  G.  F.  Armstrong.     Diurnal  Variation    [Apr.  29, 
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Effect  of  tem]*rat 

re. 

^^^^H 

li  »>iiaion. 

Cb 

w^^^^l 

0-2      . 

Vlt> 

"^^^H 

0-4     .. 

...      0-90      

mpenitnre=12''-8C.         1 

U-8     .. 

...       1-00 

10     .. 

...      3-20 

1  (J     .. 

...      6-00 

Those  were  i 

Q  dnplicate 

,  but  finding  after  aa.  h 

and  a  half  that  almost  no  i 

en  place,  oue-half  wer»] 

I'uto  thi!  dark. 

At  the  end  ot 

resTilt  was : — 

B  solution. 

\J-2 

....        0-0 

U-4       . 

....       0-0 

0-8       . 

....       01     

[npe™tiire=ir'l  C. 

1-u      . 

....       01 

1-G 

....       0-2 

It  iK  s..>.n  th^ 

with  an  almost  eqna 

ti  mperatare  the  action  Sa  t 

decidc'd  ill  H^']ll 

on  a  dull  day.  but 

r  ini.>asurablo  in  darkaeiK 

To  oxiiDiiiK.'  further  the  effect  of        t 

D  following  were  tried  :— 
Temp.  2a°  0.  in  darklMM 

To.ii|..l 

'■8  C.  in  light. 

Bsi.l. 

C  sol.  requii^. 

B.  <cl.                CM>l.requi;t 

U-4 

...        0-4         

0-4        0 

(J  •« 

...        1-3         

0  8       0 

lu        .. 

...        19          

10       0 

1-.; 

5-2         

IG       ? 

■ctud  that  not  only  did  tlio  iodide  solution  change 
lie  nitric  acid  also,  weak  as  it  was.     Indeed  I  had  ono 
iL'cl  of  measuring  light  by  the  decomposition   of   iiitrL 
■s,  but  I  did  not  expect  tliis  to  take  place  in  such  weal 

i-;  (;liange,  snlphnric  acid  was  tried  with  the  foUoVfj 
:  I'ial  Kcrvcs  also  as  a  test  for  the  eSect  of  light  aepar 


ii-s'  exposure  to  not 

very 

bright  clouds ; 

(2)  dork! 

,.  ]:■   C-io  light. 

(a)  Tomp 

KrCiniM 

.  '"'  '      C  sol.  required. 

Sulphuric  Bcid 

Oiel.»q 

3  •!) 

0-8 

0 

6  1 

3  -2      . 

0 

seems,  therefore,  no  reason  to 
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photometric  process,  with  special  capacities  to  be  developed  in  time. 
I  may  add  that  I  did  obtain  better  results  at  the  window  of  mj  hoose 
than  at  the  laboratory  at  the  same  time,  the  latter  being  nearer  the 
centre  of  the  town ;  thus  the  process  has  done  the  duty  it  was  in- 
tended for,  although  only  once  tried  for  this  special  purpose.  I  am 
looking  to  it  as  an  agent  specially  for  the  examination  of  climate,  but 
of  coarse  it  may  have  many  nses.  This  process  docs  not  aim  at 
delicacy,  bnt  at  accumulation  of  effect.  I  have  not  spoken  of  a 
standard ;  the  results  are  only  comparative,  but  the  process  may  be 
made  to  supply  its  own  standard. 

12.  Since  writing  the  above  it  appears  that  by  nsing  snlphnric  acid 
some  of  the  fears  at  first  entertained  may  be  avoided,  as  is  shown  by 
the  following  exti*act : 

C  sol.  required  after  2^  C  sol.  required  after  50 

B  tol.  hours*  exposure  of  A  hours'  exposure  of  A 

to  light.  to  darkness. 

0-2  7  6  0-3 

0-5  15  1  0-6 

10  23-4  0-6 

20  30-4  07 

4  0  43-6  0  7 

6  0  53-8  1-3 

The  temperature  of  the  solutions  exposed  to  light  =13^  C,  kept  in 
darkness  =22°  C.  The  iodine  volatilized  by  heat  was  found  to  be  so 
little  that  it  might  be  neglected  here. 

The  strength  of  solutions  and  the  kind  of  acid  to  be  used  may  vary. 
Similar  results  may  be  got  by  using  bromide  of  potassium,  but  it  is  leas 
delicate.     The  surface  exposed  and  other  questions  require  attention. 


rV.  **0n  Bome  Elementary  Principles  in  Animal  Mechanics 
No.  X  (concluding  the  series).  Further  illustrations  of  the 
'Law  of  Fatigue.'"  By  the  Rev.  Samuel  Hauohton, 
M.D.  (Dubl.),  D.C.L.  (Oxon.),  F.R.S.,  Fellow  of  Trinity 
College,  Dublin.     Received  April  19,  1880. 

The  following  experiments  were  made  upon  Dr.  Alexander  Mac- 
alister,  at  intervals  from  November,  1877,  to  May,  1879,  and  consisted 
in  observing  the  lengths  of  time  during  which  the  extended  horizontal 
arms,  with  supinated  hands  holding  equal  weights,  could  be  held 
out: — 

The  following  results  were  obtained,  in  which  w  denotes  the  weight 
held  in  the  hand  in  pounds ;  and  t,  the  time,  in  seconds,  of  holding  ont 
before  fatigue  stopped  the  experiment : 


640 

6    .... 

. .     640 

!     62-0 

7     .... 

. .     61-0 

1    650 

8     .... 

..      57-0 

t    640 

9     .... 

. .     760 

i     640 

10    .... 

..     6»-0 

Mi.,a=64-5  Mooiid.+1-l         . 

n  probable 

error). 

n. 

»=7-75  lb.. 

0.                      (■ 

No. 

t. 

85-0 

G     .... 

..      76-0 

!     85-0 

7     

..     81-0 

1     73-0 

8     .... 

..     90-0 

I     78-0 

9     .... 

. .     800 

;    76-0 

10    .... 

. .     85-0 

J[ean=80-9Becond8±l-l(       i 

n  prob.blB 

error). 

III. 

1 

ii.=6-87  lb«. 

...                  (. 

No. 

t. 

95-0 

6     .... 

..      90-0 

!     91-0 

7     .... 

..     99-0 

i     95-0 

8     .... 

. .     930 

I    100-0 

9     .... 

. .     910 

■i     108-0 

10     .... 

. .     90-0 

>reim=95-5  flecona8±l-2  (mea 

n  probable 

ei-ror). 

110-0 

C     ... 

...   110-0 

1110 

7     .. . 

...    123-0 

117-0 

8     ... 

...    115-0 

1170 

9     ... 

. . .    108-0 

124-0 

10-  ... 

...    106-0 

cai,=114-4«ooii(l.J:l-3( 

")■ 
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V. 

UT=4'25  lbs. 

No.                  t.  No.                   t 

1     1330  6  1400 

2     1400  7  1500 

3    1550  8  1580 

4    1370  9  1200 

'    5    1350  10  1220 

Meaii=1390  seconds +  2* 7  (mean  probable  error). 

VI. 

tr=319  lbs. 

No.  t.  No.                   t 

1  1640  6  1550 

2  1690  7  1370 

3  1450  8  160-0 

4  1700  9  160-0 

5  1700  10  155-0 

Mean=:  158*5  seconds +2*3  (mean  probable  error). 

VII. 

w—2'b6  lbs. 

No.  t.  No.                  t. 

1     1880  6    2000 

2    1980  7    1770 

3     1820  8    188-0 

4     1820  9    1950 

5    1830  10    1800 

Mean=187'3  seconds +  1*7  (mean  probable  error). 

vin. 

w=0-00  lbs. 

No.                     i.  No.                      i. 

1     4500  6  3500 

2     4530  7  5440 

3    4480  8  5100 

4     4850  9  5650 

5     4620  10  5440 

Mean =481*1  seconds  +13*4  (mean  probable  error). 
If  we  conTert  the  mean  probable  erroTs,  in  seconds,  of  the  foregoing 


experiments  into  mean  pro1  re  obtAJnl 

following  resclts : —  i 

975  IbB 3:171  percent.  I 

7'?5    ±1-36         „  I 

6-87   „       H-1-26         ,.  I 

.V87 ±1-13  ^^M 

4-25 +V94  -^^H 

319   „       +l-i8  ^^1 

2-66   , -0'91         „  , 

0-00  „       x278 

Tliis  talilc  sliowB  the  degree  of  aching  to  the  several  grtni 

of  oljaerviitioiiB,  and  proves  (w        I  it  anticipate)  that  the  fatigl 

pi-oJuccd  by  small  weighte       as  as  that  produced  by  m| 

welKhts.  T 

The  interpretation  of  these  obserra      is  b;  means  of  the  Law  I 
Fafigut.'  is  thus  found.  i 

When  the  firm  is  extended  horizoi       ly,  the  muscles  of  the  ahoalfH 
joint  kvfp  it  in  position ;  and,  at  i       o  time,  the  scapula,  and  H 

muscK'H  and  siirroundinga  (  jed  by    le  reaction ;  so  that  iibe  an 

fiml  si-iLpulii.  I'ljnilibrate  by  m  a  of  equal  and  opposite  couples  aotiiii 
roun<l  thi;  ccutre  o£  the  glenoid  cavity.  If,  therefore,  w  denote  thi 
wci,u;ht  liclil  in  the  hand,  and  a  denote  the  weight,  which,  if  held  ii 
ihf  hand,  wfnild  represent  the  sun»  of  tlit>  couples  of  the  arm  aiu 
sciipula  and  surroundings  about  the  centre  nf  the  glenoid;  then  it  ii 
jiliiin  that  the  total  Kork  done  by  the  muscles  before  fatigue  stopt 
(he  cxpi'rinirut  mn.st  be  proportional  to  i  +»)',  whore  t  ia  the  whall 
time  of  the  cxjicrimcnt.     The  rate  of  u-oTl-  is  evidently  proportional  (| 

TluTffori.',  by  the  Law  of  Fatigue  we  have 

(«>+.)'l=A  ...  (1) 
in  nhicli  (I,  A  !irc  unknown  constants  to  be  determined  by  o: 

Fiiiiii    tlic   foicgoing  eiperiments,   we    have    the  eight  folloi 

(2). 
(a+975)'=x   64-5=A. 

(«+775)!'x  86'9=A. 
(a-f6'87)'x  95-5= A. 
(«  +  5-87)'xll4--t=A. 
(«+4'25)»xl39-0=A. 
(^+3-19)'xl58'5=A. 
(»  +  2-56)'xl87'3=A. 
(-+000)«x481-l=A. 
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From  the  discnstdon  of  these  equations  I  find  the  following  results, 
as  in  Note  IX  : — 


a. 


50 
5-5 
5-6 
57 
5-8 
5-9 
6-0 
7-0 


1 
1 
1 
1 
1 
1 
1 


66  per  cent. 

49 

40 

39 

41 

50 

60 

31 


«» 


»« 


»» 


«» 


*« 


)i 


From  this,  I  find,  by  interpolation,  the  most  probable  values  of 
a  and  v^A  to  be 

a=     5-68  lbs. 
^1=  120-31   „ 
A= 14,475  „ 
^v/A 


^Ua) 


=     1*31  per  cent. 


From  these  values  I  obtain  the  following  comparison  of  theory  with 
observation  :— 


Time  of 

Fatigue. 

Difference. 

Weight. 

Calculated. 

Observed. 

Seconds. 

Per  cent. 

lbs. 

Sees. 

Sees. 

1 

9-76 

64-5 

60-8 

+  3.7 

+  6*73        « 

7-75 

80-9 

80-2 

+  0-7 

+   0-87        i 

6-87 

95-5 

91  9 

+  3-6 

+   3-76 

5-87 

114-4 

108-5 

+   6-9 

+   6-41 

4-25 

189  0 

146-8 

-  7-8 

-  5-31         ! 

3  19 

1&8  5 

184  0 

-26  5 

-13-80 

2-56 

187-3 

213-2 

-25  9 

-1210 

0  00 

481  1 

1 

448-7 

+  32-4 

+   7  21 

The  maximum  useful  work  will  take  place  when  ui  is  a  maximum, 
or  ir<= ■  which   will    be    a    maximum   when   u*=a,   and   the 

maximum  useful   icork   will    be,  if  t  be  the  time   corresponding  to 

tc^«=  _,trf=jrT,  and  t=112*1G  seconds. 
4« 


TOL.  XXI. 
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It  appears  to  bo  highly  probable  tbat,  in  all  cases,  the  taott  lu^t 

tt-ork  will  be  done  when  the  resistivncB  to  bo  overcome  is  equal  to  th 
wcigiit  of  tbo  limb  itself,  estimated  aa  applied  at  the  aame  distanc 
from  the  centre  of  motion  ua  the  resistance  or  weight. 

I  attcmpti'iJ,  in  the  following'  manner,  to  check  the  valne  foiiD< 
for  a,  the  equiviilent  of  the  arm  aod  shoulder,  catimated  at  the  midldl 
of  tho  hand. 

Dr.  JIikcalLsler,  closing  hia  ejes,  had  his  arm  snspeuded  to  a 
by  a  string  looped  ronnd  the  middle  of  the  hand,  and  the  weig^ 
the  suspended  arm,  allowed  to  hang  "dead,"  was  meaaared  byweigl 
placed  iu  the  opposite  scale. 

After  many  trials,  1  found  the  weight  to  be  5  lbs.  with  a  pc 
error  of  2  oes.,  or  +0'125  either  way. 

To  iiiid  tliQ  effect  of  the  shoulder,  I  meaaared  the  horizontal  die 
of  the  centre  of  gravity  of  hia  scapula  from  the  centre  of  hia  gl 
cavity,  ami  Oiiiiid  it  to  bo  3J  inches,  while  the  distance  of  the  n 
of  his  hand  from  the  same  centre  was  found  to  be  22  inches. 

The  wciyhts  lifted  with  the  aoapala  were  thus  estimated : — 

Muscles.*  ozs. 

Supmspinatns 1-85 

Infraspinattis    , 3"51 

Teres  major S'30 

Teres  minor 1-19 

Siibscapnlaria    3'88 

Deltoidena  (half) 5-90 

Trnpezina  (one-third) 2'40 

Hcrratus  magnus  (two-thirds) 3-92 


To  Ihis  iTiuf<i.  be  added  about  one-third  more,  to  represent  &^ {|| 
tendons,  and  skin,  or  8*fi5  ozs.,  making  altogether  34-60 ora, 

As  (hcso  iviijihts  were  all  obtained  from  dead  subjects,  we  mliBtfl 
soniewhiit  niiiro  than  one  half,t  to  bring  the  weights  np  to  1 
Klandaril  of  the  living  subject,  which  makes  altogether  over  51'90  01 

Adiling  In  this  the  weight  of  tho  average  fresh  scapula,  4'5oEfl., 
hiivc,  fiiiiillyfor  the  total  weight  applied  at  the  centre  of  gravity  of  d 
si'iipiiLi.  ■'>0  4U  II7S.,  which,  when  reduced  to  the  corresponding  n 
lu4.1  ill  tlio  palm  of  the  hand,  gives  66-4x^=8'9?o2s.=0-561b. 

.Aildiiii;  tliiri  result  to  the  weight  of  Dr.  Macaliater's  arm,  esUm 

•  "  Principle  ot  Auiiual  MtchanicB,"  p.  *0G. 
t  "  Prin(.Npl«  of  Aoimiil  Meobsnio,"  p.  i5. 
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at  22  inches  from  the  centre  of  the  shoulder  joint,  we  obtain  for  the 
value  of  Of 

«=5'561bfl.±0125  (probable  error). 

This  result  agrees  remarkably  well  with  the  result  «= 5' 68  lbs., 
obtained  by  calculations  founded  on  the  Law  of  Fatigue,  from  the 
long  series  of  observations  detailed  in  this  note. 


V.  "  On  the  Absence  of  Potassium  in  Protagon  prepared  by 
Dr.  Gamgee."  By  H.  E.  RoscoE,  LL.D.,  F  JLS.  Received 
April  29,  1880. 

Protagon  is  stated  by  Gamgee  to  contain  no  potassiam.  Thudichum, 
on  the  other  hand,  asserts  that  this  body  contains  from  0'7  to  1*6  per 
cent,  of  this  metal. 

In  order  to  ascertain  the  quantity  of  potassium  contained  in  pro- 
tagon prepared  by  Oamgee,  5  grams  of  this  material  was  completely 
burnt,  leaving  a  residue  of  0*177  gram,  consisting  chiefly  of  meta- 
phosphoric  acid.  On  precipitating  the  potassium  in  the  usual  way, 
and  on  decomposing  the  platinochloride,  a  residue  of  0  003  gpram  of 
platinum  was  obtained  ;  this  corresponds  to  a  percentage  of  0*0236  of 
potassium  on  the  protagon  employed. 

Spectroscopic  experiments,  made  upon  solutions  of  the  chloride  and 
phosphate  of  potassium,  and  upon  a  solution  of  the  latter  salt  with  the 
addition  of  the  relative  quantity  of  phosphoric  acid  present  in  the  ash, 
according  to  the  above  analysis,  convinced  me  of  the  correctness  of 
the  conclusions  contained  in  my  letter  printed  on  page  113,  vol.  30, 
of  the  "  Proceedings  of  the  Royal  Society." 

The  Society  adjourned  over  Ascension  Day  to  Thursday,  May  13. 


Presents,  AprU  8,  1880. 

Transactions. 
Amsterdam : — E.  Akademie  van  Wetenschappen.  YerhandelingeB. 
Deel  XIX.  Afdeeling  Lctterkunde.  Deel  XII.  4to.  Am* 
sterdam  1879.  Verslagen  en  Mededeelingen.  Afdeeling  Natu. 
urkunde.  Tweede  Reeks.  Deel  XIV.  Afdeeling  Letterkanda. 
Tweede  Reeks.  Deel  VIII.  8vo.  Amsterdam  1879.  Jaarboek, 
1878.  8vo.  Processen-Verbaal,  Afdeeling  Natuurkunde, 
1878-9.  8vo.  Elegias  Dum,  8vo.  Amstelodami  1879. 

The  Academy. 
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The  Academy 

Journal.     Vol.    XLVH] 

8vo.     CalcuHa  1879.    P« 

OalcufCa  1879.  1 
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'aoli  e  Milani. 
^utiDi.     Sezione  di  SciBl 
si,  Cavanna  e  Mencoi.  I 
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Coiuibrji  : — Obsorvatorio  da  Universidade.   Observafoes  1879. 

Culrnhn'  IHHO.  Tlia  Obsen 

Coliibii  :^t;ovi;rnmont  Observatory.     Report,  1878-9. 

The  OhBervatoij 
L<piidi>ii  :  —  Ho:ird   of   Trade.      Report  on    Proceedings   nnder  tfai 
Wfighls  .iiid  Measures  Act,  1878.     Folio.  The  Bowd 

(ifneivil    JU-dical  CoiincU.     The    Medial    Register,    1880.     dn 
J,,,:Jo,i.  Tho  Registaj 

JK'IbiiiLvnf  ;— Reports  of  the  Mining  Surveyors,  September,  187tt 
StiiiisticH  of  Friendly  Societies,  1878.  Statistical  Registai 
ls7>i.  Part  VIII.  Interchange.  PartlS.  Religious.  Moi«I 
:ind  luU'lleetual  Progress.  AnBtralasian  Statistics,  1878.  Foli^ 
The  Government  Statl 
Muntrciil  :  —  (leological  Snrvey  ot  Canada.  Report  of  Progrfl 
l^rr-7^^,  iiiiil  Atlas.     8vo.  Montreal  1879,  The  Snn 


uTiciin  Journal  of  Mathematics.     Vol.  I.    No  4.  A*-:    BaUim 

ls7>i.                                                      Johns  Ho]  na  Univend 

leii.-an    Journal   of   Otology.     Vol.  II.    No.  1.  Smo  J 

1»80.  The 
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Jonmals  (continued'). 

New  York  MedicalJonmal.  Vol.  XXXI.    Nob.  1-3.     8vo.    New 

York  1880.  The  Editor. 

Scottish  Naturalist.     No.  37.  8vo.  Edinburgh  1880.      The  Editor. 


Fayrer  (Sir  Joseph),  F.R.S.  Presidential  Address  at  the  Epidemio- 
logical Society.     8vo.  London  1879.  (2  copies.)       The  Author. 

Haast  (Julius  von),  F.R.S.  Oeology  of  Canterbury  and  Westland, 
New  Zealand.     8vo.     Christchurch  1879.  The  Author. 

Hector  (James),  F.R.S.  Handbook  of  New  Zealand.  8yo. 
Wellington  1879.  The  Author. 

Meyer  (Adolf  Bemhard)  Auszuge  aus  den  auf  einer  Neu  GKiinea- 
Reise  im  Jahre  1873  gefuhrten  Tagebiichem.  Folio.  Dresden 
1875.  The  Author. 

Mueller  (Ferdinand  von),  F.R.S.  Eucalyptographia.  Decades  1  and  2. 
4ito.     London  1879.  The  Author. 

Riyett-Camac  (J.  H.)  Archffiological  Notes  on  Ancient  Sculpturings 
on  Rocks  in  Kumaon.  Description  of  some  Stone  Carvings, 
collected  in  a  tour  through  the  Doab.  Prehistoric  Remaimi 
in  Central  India.  Rough  Notes  on  the  Snake  Symbol  in 
India.     8vo.    Calcutta  1879.  The  Author. 


Presents,  April  15,  1880. 
Transactions. 
Adelaide : — South  Australian  Institute.     Annual  Report.     1878-9 

(2  copies).  4to.  Adelaide.  The  Institute. 

Baltimore : — Peabody  Institute.    Annual  Report.  1879.  8vo.  BaMi' 

more  1879.  The  Institute. 

Brussels : — Mus^e  Royal  d*Histoire  Naturelle  de  Belg^que.  Annales. 

Serie  Pal6ontologique.    Tomes  FV,  Partie  2,  et  V,  Parties  1,  2. 

4to.  Bruxelles  1880.     Atlas  to  Tome  lY.     Oblong.    BruxeUes 

1878.  The  Museum. 

Frankfurt-a- Maine : — Senckenbergische     Naturforschende     G^esell- 

schaft.      Abhandlungen.     Band  XI.     Heft  4.     4to.     Frank- 

furUa-Maine  1879.     Bericht  1878-9.  8vo.  The  Society. 

Zioologischo  Gesellschaft.    Der  Zoologische  Qttrten.     Jahrg.  XX. 

Nos.  7—11.  8vo.  Frankfurt-a-Maine  1879.  The  Society. 

Glasgow: — Philosophical  Society.    Proceedings.  1878-9.   Vol.  XI. 

No.  2.  8vo.  Glasgow  1879.  The  Society. 

Li^ge : — Soci^t^  Royale  des  Sciences  de  Li^ge.  M^moires.  2e  S^rie. 

tomes  VII,  VIII.  8vo.  Bruxelles  1878.  The  Society. 
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Loudon; — Anthropological  Iustitut«.     <lonraal.     Vol.   IX.    Km 

yvu.  l^indon  18SQ.  The  Instil 

Institute   ot   Mechanical  Engineers.     Proceedings.    18S0,  Sa 

8vo.  Loinlon.  The  Instittttt 

Iron  and  Steel  Institute.     Journal.  187(1.  No.  2.  8vo.  Londat 

Tbelnatitl 

lleteorolQgical  Scwiety,     Qnarterly  Journal.     New  S»-ie& 

VI.  No.  33.  8to.  Lonthn  1880.     List  of  Fellows.     Jm.  1 

TbaSa 

Eoyai  Astronomical  Society.     Monthly  NotioeB.    Vol.  X^f,  H 

8vo.  Lr,„.toi  1880.  The  SuA 

Newcastle-upon-Tyne : — Chemical  Society.     Transactions.  VoL' 

Parts  9,  10.  Bto. 
Oxford; — Radcliffe  Library.     Catalogue  of  Books  added  darii^ 
year  1H79,     4to.  Oj^/ord  1880.  The  Radcliffe  IVttst 

yt.  PotoMliurg: — K.  Akadomie  der  Wissenschaflen.     Rcperlsnitn 
fiir  JU't^orologio.   Band  VL  Heft  2.  4to.  St.  Petersbourg  IgTJ, 
The  At^idevtj, 
Toulouse  ;— Musee  d'Histoire  Natnrelle  de  Touloose,  Publication  I. 
Par  k-  Ur.  J.-B.  Noulet.  4to.  Toulome  1879.  The  Aothor; 

Upsnla: — Universitet.     Fyiahundraira  Jubelfest.    Sept.  18?7.  dn. 
SI».Mol„>  1879.  The  UnireM 


Hi^L'i'vatiou^  auil  Reports, 
lirui-si'l.si— Commisaion    do  la  Carte    G^ologiqne   de    la   Bel0 
I'uiak'iition  par  le  Professenr  Malaise.  4to.   Bnat^ll^  18W.F 
The  CommiM 
Kow  :— Hrjviil  Gardens.     Report  for  1878.  8vo.  Lmidon  1879. 

The  I 
S\viii!iH'l:iTLd  : — Schweizerische      Meteorologische     BeobadLtuu 
JiilivL,'.  XVI.     Liefemng  2,  3,  nnd  Snpplement.  4to, 

SohweiBerificUe  CentrftlaiHl 

W,'lliuirki]i  :-  Colonial    llusenin.      Annual    Report,    1878-9. 

M-rlli,rj/.,u  1H71>,  The  Moan 


Itnller  (\V;^1Ut  L,)     Remarks  oQ  the  Long-tailed  Cnckoo.    8vo, 
li,>.jl.-n  lb78.  The  Anrt 

Liijiworlh  (Cli«'lss)  On  Linnarsson's  Rflcent  DiscoverieB  in  Swed 
C.ont.w.  8vo.  London  1880.  On  Now  Britiah  Graptolite*.  & 
l...„.h,',  1 8SU.  The  Author 

Miirriotl  (William)   Thermometer  ExpoBuru.    Wall  ventm  StBYBtaon 
Screens.  Hvo.  London  1879.  Tbe  AalhoB 
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Harsh  (O.  C.)     History  and  Methods  of  Paladontolog^cal  Discoyery. 
8vo.  1879.  The  Author. 

Morse  (Edward  S.)     Dolmens  in  Japan.  8vo.  Nevo  York  1880. 

The  Author. 


Presents,  April  22,  1880. 

Transactions. 

Bordeaux : — Society  des  Sciences  Physiques  et  Naturelles.     M^- 
moires.     2e  Serie.     Tome  III.     2e  Cahier.  8vo.  Paris  1879. 

The  Society. 

Boston: — Society  of  Natural  History.     Memoirs.    Vol.  III.   Parti. 

Nos.  1,  2.    4to.    Boston  1878-9.      Proceedings.      Vol.   XIX. 

Parts  3,  4.     Vol.  XX.     Part  1.  8vo.  Boston  1878-9.     Guides 

for  Science-teaching.     Nos.  1,  3-5.  16mo.  Boston  1878-9. 

The  Society. 

Calcutta: — Geological  Survey  of  India.      Records.      Vol.   XIII. 

Part  1.  8vo.  Calcutta  1880.  The  Survey. 

Odttingen : — Koniglicho  Gesellschaft  der  Wissenschaften.  Abhand- 

lungen.    Band  XXV.  4to.  Ooftingen  1879.  Nachricht«n.  1879. 

12mo.  The  Society. 

Innsbruck : — Ferdinandeum  fiir  Tirol  und  Vorarlberg.    Zeitschrift. 

3e  Folge.     Hoft  23.  8vo.  Innsbruck  1879.  The  Institution. 

London: — Entomological  Society.     Transactions.     1879.     Part  5. 

1880.  Part  1.  8vo.  London.  The  Society. 

Medical  and  Chirurgical  Society.  Proceedings.  Vol.  VIII.  No.  9. 

8vo.  London  1880.  The  Society. 

Boyal  Microscopical  Society.     Journal.     Vol.  III.     No.  2.    8vo. 

London  1880.  The  Society. 

Society  of  Antiquaries.     Proceedings.     Vol.  VIII.     No.  2.   8vo. 

London  1880.  The  Society. 

Statistical  Society.     Journal.    Vol.  XL  III.    Part  1.  8vo.  London 

1880.    •  The  Society. 

Zoologiot^l  Society.     Transactions.     Vol.  X.    Part  13.     Vol.  XI. 

Parti.  4to.  London  lS7d-S0,  Proceedings.  1879.  Part 4.  8vo. 

London  1H80.     List  of  the  Animals.     First  Supplement.  8vo. 

London  1879.  The  Society. 

Mexico: — Museo  Nacional.     Anales.     Tomo  I.     Entrcga  6,  7.  4to. 

Mexico  1879.  The  Museum. 

Nenchatel: — Sofiote  des  Sciences  Naturelles.   Memoires.  Tome  XI. 

3e  Cahier.  rtvo.  Nenchatel  1879.  The  Society. 
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ObservatioiiB  aad  Reports. 

Albany :— Census  of  the  State  of  Now  York.     1875,    4to. 

187?.  The  SecFotary  of  &H 

Now  York  Stat©  Library.    Reports  58-Cl.  S^o.  Albany  isrs^ 

The  Li 

New  York  State  Musenm  of  Natural  Hiatory.     Reports  28-^ 

8vo.  Albany  1878-9.  The  Hnsai 

N:!w  York  State  Normal  Schools.      Report  of  the  Special  Oq 

mittee.  8vo.  Albany  1879.  The  ConuaiM 

United  States'  Nortbem  Boundary  Commieaion.     DecUnatioa 

Fised  Stars.     By  Lewis  Buss,  4-to.  Dudley  Obserrata 

University  of  the  State  oi  New  York.      Regents'  Report*.  8*4 

Hvo.  Albany  1875-9.  The  Univerti 

Livei'pool : — Mereoy  Docks  and  Harbour  Board.      Report  of 

Astronomer  to  the  Marine  Committee.     1875-8.  8vo. 

1870.  The 

London : — Local   Government    Board.     Report.    1878-9.    Sivpff 

ment.   8vo.  London  1879.  The  Bo*| 

Washington  :^Coast  and  Geodetic  Surrey.     Pacific  Coast  PJI 

Alaska,  ito.  Washington  1879.  The  San 

Treasury  Department.     Report  of  the  Comptroller  of  tfaa  Ofl 

rcncy.  8vo.  Washington  1879  (3  copies).  The  Comptedl 

War  De]>artment.     8! goal- Service.     Daily  Bulletin  of  Wei 

lic|i.)rts.     April  and  May,  1877.  4to.   Washi nylon  1879. 

The  Chief  Signal  01 


Do  I.:,  Urn-  (Warren),  I-'.R.S.,  and  Hngo  W.  Miillcr,  F.R.S.  _  _ 

mcrifai  lU'scarchps  on  the  Electric  Discharge  with  the  Chlortdvd 
Sjlvor  liiittory.     Part  III.  4to.  W.  De  La  Rne,  F.R.S 

Halliw,.|l-l'liillipps  (J.  0,),  F.R.S.     Shakespeare  Memornnda..     F<ni 
Vols.  8vo.  Brighion  and  London  1879.  Tho  Att(" 

Hriiij:liton  (Rev.  Samnel),  F.R.S.     Six  Lectures  on  PhymojJ 
firiipliy.  Hvo.  London.  IHHO,  Tha  Anifl 

■\VillinmHin    (Hcnjaniin),    F.R.S.      An    Elementary    Tisatise   ( 
l)ifT,;ivntiiil  CalcnlQS.      Fourth  Edition.  8vo.  LonilmlSSO, 

TheAvl 


Pr<-scnle,  April  29,  1899. 


— K.  Leopold. -Carol in.    Deutsche   Ak&demte    der 
lier.     Leopoldina.     Heft  10.4to.  Dretdt-n  1874.      " 
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4to.  Dresden  1877.  Heft  14.  4to.  Dresden  und  Halle  1878. 
Hoft  15.  4to.  Halle  1879.  Nova  Acta.  Tomus  XXXVII.  4to. 
DreadcB  1875.     Tomus  XL.  4to.  Halts  Saxonum  1878. 

The  Acadomj. 
London : — Mineralogical  Society.    The  Mineralo^cal  Magazine  and 
Journal.     Vol.  III.  No.  16.     8vo.  London  1880. 

The  Society. 

Quekett  Microscopical   Club.     Journal,    No.   42.     8vo.    London 

1880.  The  Society. 

Milan: — Societa  Italiana  di   Scienze  Naturali.      Atti.     Vol.   XX. 

Fasc.  1,  2.     Vol.  XXI.  Fasc.  1,  2.     8vo.  Milano  1878.     Pro- 

cessi  Verbali.     !Marzo,  1880.  The  Society. 

Modena: — Societa  dei  Naturalisti.     Annuario.     Anno  XIII.     Dis- 

pensa  H,  4.     8vo.  Mo^lena  1879.  The  Society. 

New  York  : — American    Geographical    Society.      Journal.      Vols. 

VII-X.     8vo.  1878-9.     Bulletin.    1878.     No.  5.     1879.  No.  1. 

8\ro.  Xtnc  York  1879.  The  Society. 

New  York  Academy  of  Sciences.     Annals.     Vol.  XI.  Nos.  9-12. 

8vo.  Npw  York  1876.     New  Series.     Vol.  I.   Nos.  1-8.     8vo. 

Neio  York  1877-8.  The  Society. 


Observations  and  Reports. 

Columbia: — Report  of   the  Board  of  Trustees  of  Public  Schools. 
1877-8.     8vo.   Washhujton  1878.  The  Board. 

Columbus  (Ohio)  : — Institution  for  the  Deaf  and  Dumb.     Conven- 
tion of  American  Instructors.     1878.     8vo.  Columbus  1879. 

The  Convention. 

Melbourne : — Observatory.     Astronomical    Results.    1871-5.     8vo. 

Melbourne  1879.     Monthly  Record.     September  and  October, 

1879.     8vo.     Report  of  the  Board  of  Visitors.     1879.     Folio. 

The  Observatory. 
Toronto :  —Meteorological    Service   of   the    Dominion   of   Canada. 
Report  of  the  Superintendent,  1878.     8vo.  Toronto  1879. 

The  Meteorological  Office  of  Canada. 


Journals. 

Bnllcttino  di  Bibliografia  o  <li    Storia.     Tomo  XII.     ()ttolK?r  and 
Novemlwr,  1879.     4t<>.   Ronvt.  The  Prince  I3<>ucompagui. 

Fortschritte  der  Physik.     1874.     8vo.  Berlin  1878. 

Die  Physikalische  Gesellschaft. 
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exist   as  soon  its  its  effect  is  over;    (2)   by  diminislied   oxcitaU 
(showiiiir  itst'it'  in  the  suspension  or  dimiuntiou  of  the  poirer  wM 
llu'    stiiictiirc    before   possessed    of    responding   to    a    se<xiTld    fXtti 
tiim)  ;  (;>)  by  the  fact  that  it  is  propagated  from  the  part  first  exeiti 
to  t-oni  if,'iuius  parts  at  a  rate  which  is  different  ia  diftei^nt  etraotan 
iiml  in  the  sama  Btractare  at  different  temperatures.      Hitherto  tl 
rclntioiis  of  these  three  facta  Lave  been  chiefly  studied  in  the  excitih 
iLSSiit's  of  the  hif^her  animals.      Our  invesCi^tions  Iea<]  ds  to  condl 
that  lliey  arc  equally  charaoteristio  of  the  excitatory  state  iu  pli4 
Wo  .itfach  great  importance  to  them,  as  being  the  only  outwardj 
visihie  signs  by  which  the  hidden  process  of   excitatioQ   ooni 
revi'iils  ilself.     For  those  more  obvious  ohaages  which,  in  the  t 
Imctilc  structures,  foilow  excitation,  are  wantiniir  in  those  whicb' 
merely  excitable,  and  thereby  lose  their  value  as  characteristios. 

Tt  w.is  from  the  first  apparent  that  the  physiological  retationa  oJ 
tliii'i'  kinds  of  phenomena  which  admitted  of  investigation,  to.,  I 
(it  i-lLTlrinil  chnnge,  of  diminished  excitability,  and  of  propaf^tsi 
I'.iLiM  Miily  lie-  Irarnt  by  the  use  of  exact  methods  for  the  delemiinkljc 
iif  tlif  i^nliT  of  occniTcnce  and  dnration,  i.e.,  of  the  lime-/eliUu> 
eiu-li.  For  this  purpose  the  means  wei«  then  wanting;  the  firatM 
wiis  til  contrive  and  construct  the  instrument,  of  which  the 
bus  Jiisi  been  fr'ven.  The  rheoti>mo  was  completed  in  April. 
since  whicb  time  the  obaervationa  now  communicated  have  been  ■ 

Shortly  iifler  the  comninnication  of  our  last  experiments, 
fessor  I'liitreliiiMnu  marie  a  valuable  addition  to  the  ruaearcha 
|iri'vioii>ly  |nil)!ished  by  him  on  the  electrical  phenomena  of  tl 
i'\rli;iiiii-_v  ]>ri"'e^s  in  the  ventricle  of  tbe  heart  of  the  frog.  Tl 
jnii^t  iiii|"irt:in1  of  his  results  and  conclusions  are  aa  follawa:- 
l\)  111  (7  oul  of  78  preparations,  investigated  with  the  aid  I 
Heni^-leiii's  rlieotome,  it  was  found  that,  when  the  surfaoo  of  tf 
sepiinitiil  veiitrii'lc  ("  ventriclo-apex  preparation")  was  esciled  IqT^ 
p:is-^i'ji  i>t  n  siii^de  induction  shock  between  platinum  electradan 
c'iiiit:i<'t  null  its  surface  and  not  more  than  a  millimot^r  npnrt,  ffi 
»;inf:i'e  beiiiir  led  off,  H8  in  onr  experimcnte,  by  two  contactn  ■ 
iniei|ii;il  cli^lanres  from  the  seat  of  excitation,  the  nearest  of  the  tw 
leil-i.lV  siirfiLccs  (2  millims.  distant),  became  ftrst  negativo,  1 
l»):-itive  In  the  other  (5  millims.  distant).  Thus  the  variation  m 
ilie  ehiiriicter  iif  a  "  Doppchehwanhmy"  i.e.,  it  CDnaiated  ) 
|ibiises  "I'  op]wtsiti'  signs.  In  the  remaining  31  instances,  all  t 
..bserveil  WHS  that  the  nearer  contact  became  al  once  negative,  and  thl 
its  lu'L'ii'ivity  irriidunlly  subsided.  (2)  In  33  experiments  in  which  tl 
s.ime  method  was  employed,  the  means  of  the  deflections  of  M 
■'iilv:uiiinieter.  correB ponding  to  the  first  four-tenths  of  a  Beeond  J^ 

•  '   Cbt  r  ilii' cU'clriicbo  VprliulieD  del  tluUigni  Heneni,"   "Vi^ggfi  . 
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May  13,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table  and  thanks  ordered  for 
them. 

In  pursuance  of  the  Statutes,  the  names  of  the  Candidates  recom- 
mended for  election  into  the  Society  were  read  from  the  Chair,  as 
follows : — 


Allbutt,    Thomas   Clifford,   M.A., 

M.D.,  F.L.S. 
Attfield.  Prof.  John,  Ph.D.,  F.C.S. 
Blanford,  Henry  Francis,  F.G.S. 
DaUinger,  Rev.  William  Henry. 
Dyer,  William  Turner  Thiselton, 

M.A.,  F.L.S. 
Godwin- Austen,  Lieut. -Col.  Henry 

Haversham. 
•Graves,  The  Right  Rev.  Charles, 

D.D.,  Bishop  of  Limerick. 


Hughes,  Prof.  David  Edward. 
Jeffery,  Henry  M.,  M.A. 
M'Coy,  Prof.  Frederick,  F.G.S. 
Moulton,  J.  Fletcher,  M.A. 
Niven,      Prof.      Charles,      M.A., 

F.R.A.S. 
Rae,  John,  LL.D. 
Reynolds,     Prof.     J.     Emerson, 

M.D. 
Tilden,  William  A.,  D.Sc. 


The  following  Papers  were  read : — 


I.  *'  Notice  of  further  Experimental  Researches  on  the  Time- 
relations  of  the  Excitatory  Process  in  the  Ventricle  of  the 
Heart  of  the  Frog."  By  J.  BURDOX-S ANDERSON,  M.D., 
LL.D.,  F.R.S.,  Jodrell  Professor  of  Physiology,  University 
College,  and  F.  J.  M.  Page,  B.Sc,  F.C.S.  Received  March 
31,  1880. 

In  a  previous  paper  ("  Proceediugs,"  vol.  xxvii,  p.  410)  we  com- 
municated experimental  results  relating  to  the  phenomena  which 
present  themselves  in  the  ventricle  of  the  heart  of  the  frog,  when 
mechauicallj  or  electrically  excited.  Our  present  purpose  is  to  report 
what  has  been  done  during  the  past  winter  towards  the  further  eluci- 
dation of  the  subject. 

Bj  the  term  **  excitatory  state  '*  we  mean,  as  in  our  former  com- 
munication, nothing  more  than  the  condition  which  is  produced  in 
any  excitable  structure  (whether  in  plants  or  animals)  by  excita- 
tion. So  far  as  it  has  been  as  yet  investigated,  this  state  is  rharao- 
terised  (1)  by  the  appearance  of  electromotive  properties  in  the 
«zdted   part,  which   did   not  exist  before   excitation,  and   cease  to 
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When    the    kevs    K.! 
tlirowii  over  to  Ihp  leK 


metriG   circuit   is  sbowu    in   the  woodcat, 

K',  mill  K'^  iiro  open,  and  the  switch  « 

n'liiTst'iik'iI,  ami  the  rheotome  cJosed,  any  current  coiuing^  froia 

pasKi's    tliroiigli    the   compensator   (C),  tbe   rheotome  (R),  "M  f 

galvit  no  meter  (C). 

Before  umking'  each  observation,  E  is  closed,  and  tbe  slider  of  tl 
coinpensjitoi"  moved  until  the  needle  of  the  galvanometer  is  nt  ww 
this  having  been  done,  K  is  opened  and  the  rheotome  set  iu  molja 
when  it  is  found  that  its  revolutiony  are  vrithout  effect  on  tbe  galfi 
iioraefcr. 

1'iie  binding  serevrs  connected  witb  the  outer  pools  of  the  rhcotofl 
are  coniLCctcd  with  the  key  i,  from  one  of  the  blocks  of  wlncb  »  ml 
passes  tlirongh  iho  primary  coil  of  the  induction  apparstna,  and  tb 
throHgh  a  seeoTid  apparatns  for  the  purpose  of  short-circuitise  T|| 
closing  iiiduclinn  cnrrcnta,  to  one  polo  of  a  Grove's  battery  ofg 
cells,  Ihc  olhcr  wire  leading  to  the  opposite  polo.  The  termitwdM 
ttif  sceuiiiLirv  i-^iil  of  the  induction  apparatus  are  connected  witb  Si 
vNclliiu.' eKcii'oiles  in  sneh  a  way  that  the  rotations  of  the  rhi.>ototili 
eiieh  uf  wlijrli  iiiiikes  and  breaks  the  primary  carrent  of  the  i 
ai)|iiiriilnj!,  ;ire  n  itliont  effect  on  the  preparation,  excepting  lyfattl 
kev  I.'  is  o)ieneil  for  the  pui"pose  of  making  an  observation. 

'I'lio  r.ile  r.f  n  volution  of  the  rheotome  which  is  best  adaptn)  I 
pnr|mse  is  .',   reviilution  per  second.     The  period  to  be  im 

)  Hi'conris  after  each  excitation.     This  period  is 

into  20  periods  of  0"'l  each.     The  "  cloBiii»  t 

,  i.i\,  the  time   during  which  it  closes  tha  g^W 

eh  rcvoinf  ion,  IB  0""1. 

!■  of  the  observation  is  to  investigate  the  conditi 

TS  during  each  successive  period,  twenty  r> 

<v  each  of  which  the  rheotome  must  be  set, 

irides  with  one  of  these  0"1  periods.     This  is  e 

I  table,  one  colnmn  of  which  showf 

■J  uf  the  rheotome  scale  which  corresponds  to  it. 

I  rei[nireB  three-quarters  of   a  minute  to  make  u)l 

ii-il  he  i-epeated  to  ensui-e  accuracy,  the  iovesligutiai 

uimi  lie  completed  in  less  than  a  qnart«r  of  ui  ll 

\;implc  will  servo  to  illustrate  the  form  whi 
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If  it  is  desired  to  inTOstigftte  more  minatelf  a  part  of  the  rariatioD, 
BB  for  ezaoiple,  the  changes  which  take  place  in  the  first  fonr-tenths 
of  a  second,  a  table  is  used  in  which  the  rheotome  readings  for  twenty 
periods  ending  rcspectivelj  at  0"'02,  0"'O4,  0"'06  and  so  on,  after  ex- 
citation, are  recorded.  The  following  table  cxempliGes  the  kind  of 
result  so  obtained,  the  period  of  closaro  being  0"'l. 

Table  II. 
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These  readings  show  that  In  the  particular  preparation  investigat«d 
(which  may  be  taken  as  a  representative  one)  the  state  of  negativity 
of  the  contact  m  did  not  last  more  than  0"'06,  and  cnlminated  before 
a  tenth  of  a  second  had  elapsed  after  excitation. 

Whenever  the  surface  of  the  ventricle  is  led  off  in  the  way  above 
described,  t.e.,  by  contacts  of  which  one  is  close  to  the  seat  of  excita- 
tion, the  other  remote  from  it,  the  same  results  are  obtained.  We 
are  therefore  justified,  first,  in  repeating  the  statenient  contained  in 
our  last  paper,  viz.,  that  the  electrical  effect  of  excitation  manifests 
itmlf  iu  two  phases,  an  initial  and  a  terminal  one,  which  have 
opposite  signs ;  and,  secondly,  in  adding  to  oar  previous  statement, 
that  the  initial  is  separated  from  the  terminal  phase,  by  a  relatively 
prolonged  state  of  equi potentiality  of  the  two  contacts.  If  we  com- 
pare this  result  with  that  of  Professor  Engelmann,  observed  in  % 
similar  way,  it  will  be  at  once  seen  that  although  the  interpretatioo 
may  be  different,  our  obscrvatioiis  are  in  accordance  with  his,  so  far  as 
they  relate  to  the  same  period.  The  whole  of  the  phenomena  recorded 
by  him  belong  to  the  beginning  of  the  Ist  second.  The  beginning 
(if  the  period  of  equipotcntiality  ia  regarded  by  him  as  the  end  of 
the  excitatory  effect.  To  us  the  absence  of  galvauometric  effect  during 
this  period,  which  we  designate  the  isoelectrical  interval,  is  merely 
the  expression  of  the  fact  that  both  contacts  are  in  the  same  degree  of 
excitation. 

2.  Time-reJatioftM  of  the  Variation  in  the  partially  tearmed  Ventricle. — 
The  proof  that  the  period  of  equipotcntiality  is  one  of  balanced  ac- 
tivities, not  of  quiescence,  is  readily  obtained  by  subjecting  the  two 
led-off  surfaces,  i.e.,  the  base  and  apex  of  the  heart,  to  different  tem- 
(leratarca.  For  this  pnrjHise  tlje  cylindrical  support  on  which  the 
preparation  rests  is  divided  into  two  chambers  through  which  water 
Mows  at  different  temperatures  by  a  vertical  non.conducting  septum. 
If,  then,  the  ventricle  is  placed  in  sacli  a  position  that  its  apex  reata 
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n(i  the  cooler  surface,  aod  a  eeries  of  rbeotome  observations  are  I 
luring  till--  Sml  Rtcond,  it  is  observed  tbat  the  deHectioTu  of  II10' 
miniil  ;iliiuse  are  diminished.     In  the  contrary  case  they  are  iDcm 
nnd  bciiiiL  at  :iii  earlier  period ;  so  that,  at  a  time  at  which  tha 
fnufs  III  nnd  /  wore  before  isoelectrical,  the  surface  in  is  now  pc« 
to/,     To  prniiucc  these  effects  a  difference  between  the  tempeisti 
of  thf  L'lmmWi-s  of  only  3°  is  HnfSeient.     That  which  exists  be4« 
the  U'd-off  Kiirfaces  is  obviously  much  less. 

If,  in  the  niiiiincr  described  in  onr  previous  paper,  the  Bnr&cenf 
TentriL'lu  is  temporarily  warmed  by  the  passage  for  a  Becond  or  tn 
a  TOltnic  current  through  a  platinum  wire  fixed  in  the  ncighboBti 
of  011L1  of  thu  contacts— say  the  contact  m — aimilur  bttt  mocli  1 
considcmlili'  cffufita  are  produced,  which,  when  observed  with  tlH 
of  thu  riieiitoiiie,  exhibit  the  characters  shown  in  the  table. 

Table  III. 
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TUr   i-A.].-  ivj-roscntH,  first,  the  results  of  a  series  of  prdimn 
ilisiTViiliiHis.  shriwing  the  electrical  state  of  the  surfaces  dnriugl 

eiiiiul ;  niLil,  st'i'ondly,  ten  series  of  observations  relating  totlMijfl 
ten  ]ii'i'ii«ls,  shuwing  the  condition  of  the  same  surfaces  at  TtM^| 
inti-n-nls  of  time  after  warming.     We  learn  from  it(l)thafc^fl 
nni'vciirii  sifiti'  the  revelation  of  the  rheofnme,  i.e.,  the  closure  t^.fl 
CdlvmnruictiT  I'iivuit,  is  without  effect  on  the  needle,  whether  tit«  fed 
liriMiiiivs  ,.{  til,,  (wo  STirfaces  are  equal  or  not;  (2)  that  in  the  H^9 

only  in   ri\»v  ilii'  temperatures  are  equal.     If  they  are  nneqialV 
iviLi'NiiT  111'  1J]|  hvo  tends  to  Ijecome  positive  to  the  cooler,  the  electrrf 
diffcn'iit'c  lu'lmi'ii  Ihem  increasingatddiminishing wilh the  differeae 
of  tL'iiqirrnnii'i'.     It  is  to  be  noticed  that  this  e£foct  manifests  itw] 
llrsl  iit  llii'  end  iif  the  isoelectrical  interval,  over  which  it  gruiliial| 
c.Meiiils  a.s  till'  dilTerenee  of  temperature  increases.                              J 
:!.   T.m.-n'h,lhms   of  the   Varialion   in  Me  Iiijw.'d  VrTilrid«.~U  M 
former  puper  we  gave  an  account  ot  the  influence  of  slight  injnned 
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the  aarftkce  in  modifying  the  phenomena  of  the  ezcitatoiy  variation. 
The  rheotome  has  enabled  as  to  add  very  considerably  to  oar  knowledge 
of  these  niodificationfl.  The  effect  of  all  injnries,  whether  chemical  or 
mechanical,  in  bo  far  resemble  each  other,  that  in  all  cases  the  injnred 
anrface  tends  during  the  whole  of  the  excitatory  period  to  become 
positive  t^i  tbe  uninjarcd.  The  degree  in  which  this  effect  manifests 
itself  varies  in  the  same  direction  with  the  degree  of  injary.  If  the 
injury  is  very  slight,  such  for  example  as  is  produced  by  touching  the 
anrfacc  with  a  camel-hair  pencil,  which  has  been  dipped  in  10  per  cent. 
aolntion  of  salt,  and  then  drained  with  fittor-paper,  the  change  which 
follows  resembles  that  of  slight  warming.  The  end  phase  begins 
earlier,  nnd  its  deflections  are  increased.  If  it  is  produced  by  ap- 
proaching the  platinum  loop  a  little  too  near,  the  effect  is  similar,  bnt 
begins  earlier  and  lasts  longer,  so  that  tho  isoelectrical  interval  in 
mnch  reduced  in  duration.  If  the  led-off  surface  (i»)  is  completely 
destroyed,  aa  by  touching  it  instantaneonaly  with  tbe  hot  wire  after 
having  removed  the  electrode,  and  then  renewing  the  contact  it  iii 
found  that  the  whole  isoelectrical  interval  is,  as  it  were,  filled  up. 
large  positive*  deflections  being  obtained  with  the  rheotome  throuffh- 
out  tbe  whole  excitatory  period,  with  the  exception  of  the  first  tentli. 
This  is  well  seen  in  the  following  table,  in  which  we  have  given  the 
means  of  the  deflections  recorded  when  the  galvanometric  circuit  wait 
closed  for  ten  successive  periods  of  two-tenths  of  a  second.  By  com- 
paring these  numbers  with  those  given  in  Table  III,  it  will  be  seen 
that  whereas,  in  tho  partially  warmed  ventricle,  the  temporary  effect 
produced  cutminateH  early  in  the  2nd  second,  the  more  lasting  effect 
produced  in  the  injured  ventncio  reaches  its  maximum  about  the 
middle  of  the  1st  second. 

Table  IV. 
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4.  The  Period  of  Diminithed  Excitability. — Since  the  researches  of 
H.  Marey,t  in  1H70,  it  has  been  known  that  the  excitability  of  the 
ventricle  is  diminished  during  the  period  of  aystole,  Marey  showed 
that  if  thu  ventricle  is  excited  l>y  an  induction  shock  of  just  sufficient 
strength  to  evoke  a  response,  the  excitation  is  followed  hy  a  period  of 
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Im-ing  till--  2:iil  Rccoiid,  it  is  observed  that  the  deflections  of  tli«1 
mirial  pliusc  are  diminished.     In  tlie  contrary  case  they  nro  inma 
and  hcj-itt  at  nn  earlier  period;  so  that,  at  a  time  at  wliiob  tbea 
fncos  VI  nnd/wiTo  before  isoelectrical,  the  surface  m  is  now  ptMti 
!o/.     Tu  ]inuluci'  these  effects  a  difference  between  tho  tompentai 
of  thi'  (.'hnmbi'i's  of  only  3°  is  snfiicieiit.     That  which  exists  brtm 
thf  It'd-oir  .surfaces  is  obviously  much  less. 

If,  in  tlie  Tttiutner  descrilied  in  our  previous  paper,  the  snrfaoo  oft 
Tentrido  is  temporarily  warmed  by  tho  passage  for  a  secoud  or  MM 
a.  voltriic  mitTcnt  through  a  platinum  wire  hied  in  the  nidgfabonillli 
of  ciiii.'  of  thf  t-iintacta — ^say  the  contact  m— aimilar  bnt  mnoh  wA 
oonaidcriji.k.  clltcts  are  produced,  which,  irhen  observed  with  thai 
of  tliu  riicutoiLic,  exhibit  the  characters  shown  in  the  table.                j 

Table  III.                                                J 
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'i'lii'  li.l.lr  rr]ircscnts,  first,  the  results  of  a  aeries  of  prelcB^ 
ibsiTvriliiiri-;,  sli^iwing  the  electrical  state  of  the  surfaces  dorin^V 
sn,-r^-.-.'r.v    |i'i'in,is    after   escitafion    when    their    tempemturoaTM 
(■i|iial  ;   luid.  sciimdly,  t«n  series  of  observations  relating  to  thatH 
ten  [ici'iiiil.H,  rslioiviug  the  condition  of  tho  same  surfaces  at  t«h| 
intirviils  uf  tiirie  after  warming.     We  learn  from  it  (1)  that  in  HB 
TiticSfilrd  si:iti>  the  revolution  of  the  rheolome,  i.e.,  the  closnre  of  thi 
!,';ilviiiii>tni't.i'  citruit,  is  without  effect  on  the  needle,  whether  the  tern 
].,'iaiii7T-.  iif  IIh'  two  Burfncesare  cqunt  or  not;  (2)  that  in  the  escitei 
vliitr  lln>  uvvdU-  ivmnins  unaffected  during  the  isoelectrical  inber« 
Diily  ill   tiisr  till'  tcm|iera( tires  are  equal.     If  they  are  nneqaal  til 
wai'ini'r  nf  tlufwo  ti'mis  to  become  positive  to  the  cooler,  the  electrwai 
liilTcri'iii'i'  lii'liM'i'n  tlicni  increasingaaddiminiahing  with  the  differsno 
ol'tciii|iiTiitinv,     It  is  to  be  noticed  that  this  effect  inaoifeata  itad 
iir.sl  III  (lie  cm i  iif  tho  iaoclectrical  interval,  over  which  it  gntdiuO 
cxli'iiils  iit:  the  difference  of  temperature  increases.                               ^ 

:i.   r,.,ir-n'I.U<\;,s   of  the   VariatWH   m  lh*<  Injnred  VeHtricle.—lnm 

a 
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the  Burface  in  modifjing  the  phenomena  of  the  excitatory  variation. 
The  rbeotome  has  enabled  as  to  add  very  considerably  to  our  knowledge 
<ti  these  modifications.  The  effect  of  all  injuries,  whether  cbemical  or 
mechanical,  in  so  far  resemble  each  other,  that  in  all  cases  the  injared 
anrface  tends  during  the  whole  of  the  excitatory  period  to  become 
positive  to  the  uninjured.  The  degree  in  which  this  effect  manifests 
it«elf  varies  in  the  same  direction  with  the  degree  of  injury.  If  the 
injury  is  very  slight,  ancb  for  example  as  is  prodnoed  by  touching  tho 
surface  with  a  camel-hair  pencil,  which  has  been  dipped  in  10  per  ceat. 
solution  of  salt,  and  then  dnined  with  filter-paper,  the  change  which 
followB  resembles  that  of  slight  warming.  The  end  phase  begins 
«arlier,  and  its  deflections  are  increased.  If  it  is  produced  by  ap- 
proaching the  platinum  loop  a  little  too  near,  the  effect  is  similar,  but 
begins  earlier  and  lasts  longer,  so  that  the  isoelectrical  interval  iti 
mnch  reduced  in  duration.  If  the  Icd-off  surface  (»>)  is  completely 
destroyed,  as  by  touching  it  instantaneously  with  the  hot  wire  after 
having  removed  the  electrode,  and  then  renewing  the  contact  it  w 
found  that  the  whole  isoelectrical  interval  is,  as  it  were,  filled  up. 
large  positive*  deflections  being  obtained  with  the  rheotome  throogh- 
out  the  whole  excitatory  period,  with  the  exception  of  the  first  tend). 
This  is  well  seen  in  the  following  table,  in  which  we  have  given  the 
means  of  the  deflections  recorded  when  tho  galvanometric  circuit  was 
closed  for  ten  successive  periods  of  two-tenths  of  a  second.  By  com- 
paring these  numbers  with  those  given  in  Table  111,  it  will  be  seen 
that  whereas,  in  the  partially  warmed  ventricle,  the  temporary  effect 
produced  culminates  early  in  the  2nd  second,  the  more  lasting  effect 
produced  in  the  injured  ventricle  reaches  its  maximum  about  tlie 
middle  of  the  1st  second. 

Table  IV. 
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4.  The  Period  of  Diminiilied  Excitability. — Since  the  reaearehes  of 
M.  Marey,t  in  1876,  it  has  been  known  that  tho  excitability  of  the 
ventricle  is  diminished  during  the  period  of  systole,  Usrey  showed 
that  if  the  ventricle  is  excited  l>y  an  induction  shock  of  just  sufiicient 
strength  to  evoke  a  re.s[>onsc,  the  excitation  is  followed  by  a  period  of 
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II,  1876,  p.  85. 
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diminished  excitability,  dnring  which  it  will  not  respond  to  a  shock  of 
the  same  intensity.  This  he  termed  the  "refractory  period;"  he 
larther  found  that  if  the  induction  shocks  were  strengthened,  a 
second  response  could  be  obtained  after  a  shorter  interval,  but  that 
in  this  case  the  interval  between  excitation  and  response  wa» 
increased. 

For  the  purpose  of  obtaining  information  as  to  the  time-relatioxis  of 
these  phenomena,  we  adopt  the  following  method : — For  one  of  the 
wires  leading  from  the  battery  to  the  primary  coil  of  the  du  Bois- 
induction  apparatus,  two  are  substituted,  of  which  one  passes  through 
the  central,  the  other  through  the  peripheral  pools  of  the  rheotome. 
The  primary  circuit  is  thereby  closed,  and  immediately  afterwards 
opened  twice  in  each  revolution  ;  the  intervals  between  the  two  excita*^ 
tions  can  be  varied  at  will.  The  closing  shocks  being  cut  off  in  the 
way  before  mentioned,  the  rheotome  is  set  so  that  the  two  opening 
shocks  follow  each  other  at  an  interval  of  two  seconds.  If  the  ven* 
tricle*is  at  lO^C,  and  the  distance  of  the  secondary  from  the  primary 
coil  such  that  the  excitation  is  just  sufficiently  strong  to  produce  a 
contraction,  it  is  usually  followed  by  a  second.  If  the  interval  between 
the  two  excitations  is  shortened  by  the  tenth  of  a  second,  the  second 
excitation  is  fruitless.  If  now  the  temperature  of  the  preparation  is 
increased  by  a  single  degree,  a  response  occurs  which  in  its  turn  i» 
abolished  by  taking  another  tenth  off  the  time  interval,  and  so  on. 
Proceeding  in  this  way  we  obtain  the  clearest  possible  demonstration 
of  two  facts,  namely,  (1)  that  the  duration  of  the  period  of  diminished 
excitability  agrees  pretty  closely  with  that  of  electrical  activity,  and 
(2)  that  it  is  similarly  affected  by  changes  of  temperature. 

5.  Rate  of  Propagation  of  the  Excitatory  Wave. — It  has  already  been 
stated  that  the  rate  of  propagation  of  the  "  Reizwelle,"  i.e.,  of  the 
excitatory  electrical  disturbance,  was  estimated  by  Engelmann  to  be 
oO  millims.  per  second.  His  obscrvatious,  indeed,  give  a  less  rate 
than  this,  but  for  good  reasons,  which  he  has  stated,  he  thinks  that 
they  require  correction.  We  have  been  able  by  the  following  method 
to  show  that  the  estimate  is  considerably  below  the  mark.  The  heart 
is  led  off  as  usual  at  the  base  (/)  and  near  the  apex  (w),  and  excited 
at  the  apex  (.r),  and  care  is  taken  that  the  contacts  r,  m,  and/  are  in 
the  same  straight  line.  A  third  non-polarisable  electrode  is  in  con- 
tact with  thn  surface  at  m'  between  m  and  /,  and  4  millima. 
from  7^.*  The  time  after  excitation,  at  which  the  first  effect,  Le,y 
the  first  negative  deflection  is  observed,  is  determined  at  m  and  m\ 
by  rheotome  observations,  in  which  the  galvanometer  circuit  pi  men 
through   m  and  in   alternately  (for  which  purpose  a  switch  is  naed). 

*  Tho!«e  mcnKuriMiicntii  eould  not  have  been  carrie<l  out  had  we  not 
few  gigantic  ppPcimenH  of  i?.  e*culemia,  from  the  Flatten  See  in  HtmgHy. 
wo  owed  to  tlic  kindness  of  Profeiaor  Gh>ltz. 
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Two  parallel  series  of  results  are  obtaiaed,  which  when  set  oS  as 
ordinates  on  the  same  time-axis  exhibit  the  oharactera  shown  in  the 
fignre.  Onr  reenlts  show  that  in  a  fresh  preparation  at  12°,  the 
excitatory  wave  is  propagated  at  a  rate  of  about  130  millims.  per 
second.  It  will  be  noticed  that  the  rapidity  with  which  the  electromO' 
tive  force  of  the  initial  phase  attains  its  maiimnm,  r«nden  it  possible 
to  make  this  observation  with  great  ezactitade. 


"Die  digurca  aboTs  the  line  denoU  degrees  uf  the  ecate  of  the  riteotome ;  thoM 
below,  lOOthi  of  a  Kcond  nieuund  frum  llio  momont  uf  excitation  ;  Ihoie  in  th« 
Tcitical  columa  degree*  of  the  wale  of  the  galTHnometeT.  The  ucending  line  to  the 
left  ihoiTS  the  deflectionn  obierved  when  the  galTanometer  circuit  wu  opened  at 
38,  40,  42,  and  k  on  of  the  acale  of  the  rheotome,  the  preparation  being  led  off  at 
••  and/.  The  limilar  line  to  the  right  »howi  the  comaponding  deflectiona  at  GO,  6S, 
and  10  on,  when  m'  was  gubitituted  for  <■  and  the  eicitatioD  ware  had  4  Tnilliw. 
further  to  gu.  The  recorda  repreaent  the  meana  of  two  otxerratinna  taken  aa  MOk 
a*  pouible  after  mch  uther.  It  ii  mrkunod  tlial  in  theae  injtanc**  the  4  milUBW. 
were  ucompliahed  in  the  time  eorrcapondinK  to  1 1  diTiaiona  of  the  rheotom*  aeale, 
•'.r.,  in  0-032  second. 

Tbe  ^ts  which  have  been  stated  in  the  preceding  paragraphs  are- 
consistent  with  the  following  theories : — 

1.  Every  excited  part  is  n^uttve  to  every  nnexcited  part,  so  long  as 
the  state  of  excitation  lasts.  2.  Tbo  local  dniation  (ortliehe  Dauer, 
Engelmano)  of  the  excitatory  state,  i.e.,  the  time  it  lasts  in  each 
stmctnral  element,  is  measured  by  the  time-interval  between  the  begin- 
ning  of  tho  initial  and  the  beginning  of  the  terminal  phase  of  the 
variation. 

As  regards  tho  second  of  these  propositions,  wo  are  in  dis- 
agreement with  Professor  Eugelmann,  who  attributes  to  tbe  excita- 
tory process  in  the  ventricle  of  the  frog's  heart  a  duration  of 
only  two-tenths  of  a  second.  We  conclude,  from  oar  own  observa- 
tions, tfaat  its  duration  is  nearly  two  seoonds  at  the  temperature  at 
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which  most  of  our  experiments  were  made,  namely,  at  10°  or  12**  C. 
This  conclusion  is,  indeed,  the  only  one  which  the  facts  admit  of, 
for,  inasmuch  as  the  total  duration  of  the  variation  is  over  two 
seconds,  and  the  time  occupied  in  the  propagation  of  the  excitatory 
wave  from  apex  to  base  is  one-twentieth  of  a  second  at  most,  it  is  clear 
that  it  must  last,  at  the  part  furthest  from  the  seat  of  excitation,  aa 
long  as  l"-9. 

When  both  contacts  are  at  the  same  temperature,  and  in  all  other 
respects  under  the  same  conditions,  the  local  duration  of  the  excitatory 
state  is  the  same  at  both,  consequently,  it  begins  and  ends  earlier  at  m 
than  at  /,  the  initial  and  terminal  differences  expressing  themselves  in 
the  initial  and  terminal  phases  of  the  normal  variation. 

When  one  contact  is  warmer  than  the  other,  the  local  duration  of 
the  excitatory  state  is  less  in  the  warmed  than  in  the  un warmed 
surface.  Consequently  the  terminal  interval,  i.e.,  the  time  dnring 
which  the  excitatory  state  at  /  overlaps  that  at  m,  is  longer.  The 
terminal  phase  of  the  variation  begins  earlier,  and  its  deflections  are 
larger. 

If  the  surface  at  in  is  slightly  injured,  the  local  duration  at  the 
injured  surface  is  diminished  in  the  same  way  as  when  its  temperatnre 
is  increased.  The  effects,  indeed,  are  indistinguishable ;  but  if  the 
injury  is  of  such  intensity  as  to  destroy  the  surface,  its  most  prominent 
effect  is  to  diminish  its  electromotive  activity.  Consequently,  the 
activity  of  the  contact/  is  unbalanced,  and  expresses  itself  in  the  large 
deflections  which  are  exemplified  in  Table  III. 

In  general,  it  is  observed  that  in  the  injured  ventricle  the  total 
duration  of  the  variation  is  less  than  in  the  same  preparation  befcnre 
injury.  We  are  not  as  yet  in  a  position  to  offer  an  explanation  of 
this  fact. 

Appendix. 

Omdition  of  the  Sfirface  of  the  Ventricle  hi  the  Heating  Heart, — It  haa 
already  Ix^cn  repeatedly  stat4?d  that  the  surface  of  the  ventricle,  ao 
long  as  it  is  absolutely  uninjured  and  at  the  same  temperatnre  in  all 
parts,  is  isoelectrical.  Any  ine(piality  as  regards  the  mechanical, 
chemical,  or  thermal  conditions  to  which  the  surface  is  exposed,  ia 
accompanied  by  corresponding  electrical  differences,  which  are  of  the 
following  nature  : — 

If  a  platinum  wire,  warmed  by  the  passage  along  it  of  a  voltaic 
current,  is  brought  into  the  nei^-hbourhood  of  a  led-off  surface,  the 
offect  invariably  ])roduced  is  to  render  that  surface  positive  to  the 
()th(>r.  If  the  warming  is  continued  for  a  few  seconds  only,  the  dEed 
prom])tly  subsides.  If  it  is  continued,  the  needle  also  returns  to  aeiOi 
but  continues  to  move  to  the  negative  side.  If,  as  soon  aa  tliia 
second   eflect  has   been   produced,   the  wire   is   withdrawn,    it 
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subsides,  bnt  very  slowly.  The  nearer  the  wire,  and  the  longer  it 
remains  hot,  the  greater  the  electrical  difference  produced,  and  the 
longer  the  time  required  for  its  subsidence.  Corresponding  results  are 
obtained  by  touching  the  surface,  in  the  manner  before  described, 
with  a  camel-hair  pencil,  containing  solution  of  common  salt.  The 
immediate  result  is  to  render  the  sur&ce  so  acted  upon  positive  to  the 
other  surface.  Here,  as  before,  the  effect  rapidly  subsides.  If  now, 
the  application  is  repeated  or  a  stronger  solution  is  used,  the  first 
effect  is  the  same,  but  it  is  followed  by  a  slow  deflection  of  the  needle 
in  the  opposite  direction. 

It  is  important  to  notice  that,  in  both  modes  of  acting  on  the 
surface  of  the  ventricle,  the  primary  effect  (that  of  increased  '*  posi- 
tivity  "  of  the  warmed  or  slightly  injured  surface)  is,  when  measured 
in  electromotive  force,  inconsiderable.  After  warming,  we  have  never 
observed  a  greater  difference  than  0*003  volt.  When  the  solution  of 
salt  is  used  the  effect  may  amount  to  as  much  as  0*001  volt.  The  sub- 
sequent negative  effect  varies  according  to  the  extent  and  degree  of  the 
injury,  and  may,  as  stated  in  our  former  paper,  amount  to  from  two  to 
three  hundredths  of  a  volt. 

Another  question  relating  to  the  physiological  condition  of  the 
resting  heart  is  that  of  the  influence  of  temperature  on  its  excita- 
bility. We  have  estimated  the  excitability  of  the  ventricle  by  measur- 
ing, at  different  temperatures,  galyanometrically,  the  strength  of  the 
weakest  induction  shock  by  which  a  response  could  be  evoked,  and 
have  arrived  at  the  general  result  that,  when  the  temperature  is  raised 
from  10°  C.  to  30°  C,  the  excitability  increases  by  one-third  or  one- 
sixtieth  for  each  degree.  The  suggestion  offers  itself  that  the  two 
new  facts  which  have  been  stated,  viz.,  the  slight  positivity  of  the 
warmed  surface  and  the  increased  excitability  are  correlated,  but  it  is 
of  no  value,  excepting  as  an  indication  for  further  experiments. 

The  full  account  of  the  experiments,  of  which  the  results  are  shortly 
communicated  above,  will  be  published  in  the  "Journal  of  Physiology." 


II.  "On  a  New  Rheotome.''  By  J.  Burdon-Sanderson,  M.D., 
LL.D.,  F.R.S.,  Jodrell  Professor  of  Physiology,  University 
College.     Received  May  5,  1880. 

I  beg  leave  to  submit  to  the  Royal  Society  the  following  description 
of  an  instrument  intended  for  the  purpose  of  investigating  the  succes- 
sive phases  of  the  electrical  change  which  takes  place  in  the  excitable  ' 
parts  of  plants  and  animals  in  consequence  of  excitation.  Two  instru- 
ments intended  for  a  similar  purpose  are  already  in  use.  One  of  them, 
known  as  the  differential  or  repeating  rheotome,  was  devised  by  Pro- 
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fcssor  Bernstein,  and  described  by  him  in  his  work  "  On  the  Excitataon 
Process  in  the  Nervous  and  Muscular  Systems,"  published  in  1871.* 
The  other  is  called  by  its  contriver,  Professor  Hermann,  the  Fall 
Bheotome,  and  is  described  in  a  paper  published  in  **  Pfliiger's  Archiv  " 
in  1877.  I  have  given  a  short  account  of  ib,  which  will  be  found  in 
the  "Journal  of  Physiology*'  (vol.  i,  p.  196). 

In  each  of  these  instruments,  as  also  in  the  instrument  now  to  be 
described,  two  independent  circuits,  one  of  which  may  be  c&lled  the 
exciting  circuit,  the  other  the  galvanoscopic,  are  successively  closed 
and  immediately  afterwards  opened  by  a  mechanism  of  such  a  natare 
that  the  time-interval  between  the  two  closures  and  (as  regards  the 
galvanoscopic  circuit)  the  duration  of  the  period  of  closure  may  be 
varied  according  to  the  purpose  of  the  observation,  and  accurately 
measured.  In  the  fall  rheotomo  each  of  the  times  required  is  deter- 
mined by  the  measurement  of  the  distance  which  a  falling  weight 
passes  through  in  the  interval  between  the  first  and  second  event,  as, 
e,g,,  between  the  closure  of  the  exciting  and  galvanoscopic  circaiis  and 
between  the  closure  and  opening  of  the  latter.  In  Bernstein's  rheotome 
time  is  measured  in  terms  of  the  rotation- time  of  a  wheel,  which  la 
driven  by  an  electro-magnetic  motor. 

Without  making  any  comparison  between  the  instrument  now  to  be 
described  and  its  predecessors,  or  venturing  to  claim  for  it  any  supe- 
riority, I  think  1  am  justified  in  bringing  it  under  the  notice  of  the 
Royal  Society,  on  the  ground  that  in  very  numerous  experiments  it 
has  been  found  well  adapted  for  its  purpose,  and  that  the  value  of  the 
results  obtained  by  means  of  it  could  not  be  so  well  estimated  by  the 
reader  without  a  knowledge  of  the  construction  and  mode  of  action  of 
the  instrument  used. 

Description  of  the  Instrument, 

From  a  circular  iron  plate,  supported  on  levelling  screws,  spring  two 
strong  brass  pillars,  each  6  centims.  in  height,  on  the  summits  of  which 
rests  a  horizontal  bar.  In  the  middle  of  the  bar  is  a  screw,  which  ends 
below  in  a  steel  point.  A  similar  steel  point  rises  from  the  centre  of 
the  iron  plate.  On  these  centres  works  a  vertical  axis  about  5  centims. 
in  length.  The  steel  point  on  which  the  lower  end  of  the  axis  works 
is  surrounded  by  a  circular  plato  of  vulcanite  about  *5  centim.  thiek. 
In  this  plate  are  cut  eight  pools,  of  which  the  forms  are  shown  in  ths 
diagram  (fig.  1).  They  are  intended  to  contain  mercury  and  are  tra- 
versed by  platinum  wires,  of  which  the  arrangement  is  such  that  the 
pools,  a,  a,  a,  a,  and  h,  h,  &,  6,  are  severally  connected  with  each  other* 
The  two  rings  of  wire  are  insulated  and  are  connected  the  one  with 
the  binding-screw,  G,  the  other  to  the  binding-screw,  O'. 

*  "  Unt4>nuchungen  uber  den  ErregungsTorgang  im  Neircn-  und  ICoikdijslNM^'* 
▼on  J.  Bernstein.    Heidelberg,  1871. 
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The  fixed  circular  plate  above  described  is  sorronnded  by  a  moveable 
annnlar  plate  of  the  same  material  and  thickness,  which  also  has  eight 
excavations  or  pools,  all  of  which  can  be  broaght  into  communication 

Fio.  1. 


by  means  of  an  annular  trough  of  mercury  by  which  they  are  sur- 
rounded. To  the  outer  edge  of  the  annular  plate  is  fixed  a  graduated 
circle  of  brass,  which  revolves  with  it.  Against  this  circle  works  a 
tangent  screw,  each  turn  of  which  corresponds  to  a  single  division  of 
the  graduation ;  this  screw  is  furnished  with  a  divided  milled  head 
and  can  be  thrown  out  of  gear  when  necessary  by  the  auxiliary  screw, 
in  a  manner  which  will  be  readily  understood  from  the  drawing.  The 
vertical  axis  carries  at  its  upper  end  a  pulley,  by  means  of  which  it  is 
connected  with  a  motor,  and  can  be  made  to  revolve  at  any  desired 
rate.  Above  the  pulley  is  a  platinum  wire,  the  end  of  which  is  bent 
downwards  so  as  to  dip  into  an 'annular  pool  of  mercury,  which  is  in 
metallic  connexion  with  the  horizontal  bar,  and  thereby  with  the  iron 
plate  and  the  binding  screw  B'.  The  vertical  axis  also  carries  three 
arms,  of  which  one  is  longer  than  the  other  two  ;  the  longer  arm  carries 
at  its  end  the  vertical  screw  g ;  this  screw  is  prolonged  at  its 
lower  end  by  an  amalgamated  gold  wire,  the  end  of  which  dips  into 
the  mercury  contained  in  the  external  pool,  as  the  axis  rotates.  This 
arm  is  insulated  at  c,  but  is  connected  with  the  axis,  and  thereby 
through  the  annular  pool  above  described  with  the  binding  screw  B'. 
As  the  external  pools  are  connected  through  the  arm  h  with  the  bind- 
ing screw  B,  B  and  B'  are  in  communication  whenever  the  screw  g 
is  in  contact  with  the  mercury  in  any  of  the  pools.  Each  pool  is  fur- 
nished with  a  vulcanite  stop,  by  which  it  is  thrown  out  of-  communi- 
cation with  the  external  pool.  In  the  drawing  all  are  thus  out  of 
communication  excepting  one. 

The  two  shorter  arms  are  in  metallic  connexion  with  each  other, 
but  are  insulated  from  the  axis  by  a  collar  of  vulcanite  d.  One  of 
them  carries  a  screw  e,  which  like  g  ends  in  a  gold  wire,  of  which  the 
tip  is  amalgamated;  the  other  carries  a  similar  screw  /,  and  is  so 
constructed  that  the  screw/  can  be  moved  radially  (i.e.,  in  a  vertical 
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obtained  whicli  gives  a  precipitate  on  boiling,  on  dilation  with  water, 
and  on  saturation  with  NaCl ;  the  saperuatant  saturated  NaCl  solu- 
tion also  gives  a  precipitate  on  boiling. 

/3.  When  extracted  with  satarated  NaCl  solution,  a  fluid  is  obtained 
which  gives  a  precipitate  on  boiling  and  on  dilution. 

2.  Seeds  treated  with  alcohol  (or  with  ether  and  alcohol) : — 

a.  Extracted  with  10  per  cent.  NaCl  solution,  a  fluid  is  obtained 
which  gives  a  precipitate  on  boiling,  on  dilution,  and  on  sataration ; 
the  supernatant  saturated  fluid  gives  a  precipitate  on  boiling  and  on 
dilution. 

p.  Extracted  with  saturated  NaCl  solution,  a  fluid  is  obtained  which 
gives  a  precipitate  on  boiling  and  on  dilution. 

From  these  observations  it  appears  that  the  ground-snbstance  oon* 
sists  of  hemialbumose  and  of  two  globulins,  of  which  one  is  soluble 
and  the  other  insoluble  in  saturated  solution  of  NaCl  or  MgSO^.  The 
crystalloid  consists  of  a  globulin,  which  is  soluble  in  10  and  20  per 
cent.  NaCl  solutions,  but  insoluble  in  saturated  NaCl  solution ;  after 
treatment  with  alcohol  it  becomes  soluble  in  saturated  NaCl  and 
MgSO^  solutions. 

Additional  Remarks  on  the  Alewone-Grains  of  the  Blue  Lupin, 
After  the  foregoing  results  had  been  obtained,  it  became  neoesBaij 
to  complete  the  investigation  of  the  grains  of  the  lupin  hj  ascertain* 
ing  the  action  upon  them  of  saturated  NaCl  and  MgSO^  solntiona. 

I  found  that  the  grains  dissolved  readily  in  both  these  fluids,  and 
that  their  solubility  was  not  affected  by  treatment  with  aloohoL  The 
solution,  in  quantity,  gives  a  precipitate  on  boiling  and  on  dilution. 

Creneral  Remarks. 

The  three  kinds  of  aleurone-grains  which  have  been  inyestagaitod 
represent  three  degrees  of  complexity  of  composition.  In  the  peony,  the 
whole  grain  dissolves  readily  in  water ;  in  the  lupin,  the  grain  diaiolves 
only  partly  in  water,  the  residue  being  readily  soluble  in  10  per  eenl 
NaCl  solution; -in  Ricinus  there  is  a  morphological  as  well  ■■  a 
chemical  differentiation;  the  ground-substance  dissolves  partlj  m 
water  and  partly  in  10  per  cent.  NaCl  solution,  and  in  this  reepect  it 
resembles  the  entire  grain  of  the  lupin,  whereas  the  cryetalloid  dis- 
solves very  slowly  in  10  per  cent.  NaCl  solution. 

It  is  by  no  means  easy  to  give  a  satisfaetorj  explanation  of  the 
entire  solubility  of  the  grains  of  the  peony  in  distilled  water,  and  of 
those  of  the  lupin  in  saturated  NaCl  or  MgSO^  solution.  In  the 
grains  of  the  peony  the  relative  proportion  of  globulin  to  heaisl- 
bumose  is  apparently  small,  and  it  may  perhaps  be  assumed  that  Ae 
neutral  salts  in  the  cells  suffice  to  bring  the  globulin  into  tempomy 
solution,  so  as  to  cause  the  entire  disintegration  of  the  gndos.  Am 
regards  the  lupin,  it  is  clear  that  the  globolin  of  which  the 
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principally  consist  is  a  yitellin,  and  possibly  the  formation  of  a  preci- 
pitate which  takes  place  during  the  saturation  of  the  10  per  cent. 
NaCl  solution  may  be  attributed  to  a  conversion  of  a  part  at  least  of 
the  yitellin  into  a  myosin. 

In  the  course  of  my  observations  it  became  evident  that  alcohol, 
contrary  to  the  generally  received  opinion,  does  not  render  the  vege- 
table globulins  insoluble  in  solutions  of  neutral  salts.*  All  thq  above- 
mentioned  reactions  are  given  by  aleurone-grains  which  have  been  in 
alcohol  for  a  very  considerable  time.  The  grains  of  Kicinus,  for 
example,  after  having  been  in  absolute  alcohol  for  more  than  a  year, 
give  the  same  reactions  as  fresh  ones.  This  is  true  of  the  globulins, 
not  only  whilst  they  exist  in  the  form  of  aleurone-grains,  but  after 
their  extraction  ;  thus,  the  precipitate  obtained  by  diluting  a  10  per 
cent.  NaCl  extract  of  Bicinus  seeds  was  quite  soluble  in  10  per  cent. 
NaCl  solution  after  having  been  for  a  month  in  alcohol. 

The  action  of  alcohol  upon  the  crystalloids  of  Bicinus  is  remarkable 
in  that  it  renders  them  readily  soluble  in  saturated  NaCl  or  MgSO^ 
solution.  That  they  are  otherwise  quite  insoluble  in  these  fluids  is 
proved  by  the  fact  that  I  have  kept  quantities  of  crystalloids  in  excess 
of  the  saturated  solutions  for  months  ;  if  some  of  these  be  treated  for 
a  few  minutes  with  alcohol,  they  can  be  seen  under  the  microscope  to 
dissolve  at  once  in  these  solutions.  It  is  of  interest  to  note  that  if, 
after  treatment  with  alcohol,  the  crystalloids  be  washed  with  water, 
they  lose  their  solubility  in  these  saturated  salt  solutions,  and  that  they 
only  regain  it  after  being  again  treated  with  alcohol.  Alcohol  appears, 
in  this  case,  to  convert  a  substance  which  is  insoluble  in  saturated 
salt  solutions  into  one  which  is  soluble,  that  is,  a  myosin  substance 
into  a  vitellin  substance ;  and,  from  the  foregoing  facts,  it  seems  that 
this  conversion  is  closely  connected  with  the  removal  of  water  from 
the  substance. 

These  observations  led  me  to  investigate  the  crystalloids  of  a  variety 
of  plants  with  these  reagents,  and  by  the  kindness  of  Dr.  A.  F.  W. 
Schimper,  of  Strassburg,  who  has  closely  studied  the  subject  ("  Unters. 
iib.  die  Proteinkrystalloide,"  1879),  I  was  enabled  to  experiment  upon 
the  crystalloids  which  Professor  Drechsel  has  succeeded  in  producing 
artificially  from  the  proteids  in  the  seeds  of  Bertholletia  (Brazil  nut) 
and  of  the  pumpkin  (Cucurbita)  ("Journal  f.  Piukt.  Chem.,"  1879). 

The  results  may  be  briefly  stated  as  follows  : — 

A.  Crystalloids  insoluble  in  NaCl  or  MgSO^  solution ;  Musa  HiUiij 
Musa  Ensete, 

B.  Partially  soluble  in  NaCl  or  MgSO^  solution ;  Sparganium 
ramosum. 

•  Kadlkofer  ("  Ueb.  Kryetalle  proteinartiger  KOrper,"  1 859)  has  already  pointed 
out  that  alcohol  does  not  cause  the  coagulation  of  the  crystalloids  of  Rioinus,  of 
Bertholletia,  and  of  8pargomum  ramosum, 

2  F  2 
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C.  Crystalloids  entirely  soluble  in  NaCl  or  MgSO^  solution : — 

a.  Readily  soluble  in  both  10  per  cent,  and  saturated  solations, 
Uertliolletia,  pumpkin  (Cucurbita),  artificial  crystals. 

h.  Slowly  soluble  in  10  per  cent,  solutions,  more  readily  soluble  in 
20  per  cent,  solutions,  soluble  in  saturated  solutions  only  after  treat- 
ment with  alcohol,  liiclnus  comviunis,  Viola  elatior,  Linum  usiictHs" 
si  mum  ^ 

The  crystalloids  of  Mma  Hillii  and  of  Miisa  Ensete  (for  this  material 
also  1  am  indebted  to  Dr.  Schimper)  are  remarkable  for  their  inaoln- 
bility.  They  swell-up  slightly,  but  do  not  dissolve  in  solntionB  of 
neutral  salts  of  various  degrees  of  concentration  and  in  1  per  cent. 
Na^CO^  solution.  They  swell-up  considerably,  but  do  not  dissolve  in 
dilute  HCl.  They  swell-up  and  dissolve  partially  in  dilate  KHO. 
They  therefore,  probably  consist  of  some  relatively  insoluble  albuminate. 

When  treated  with  10  or  20  per  cent,  solution  of  NaCl  or  MgSO^, 
the  crystalloids  of  Sparganitim  ramosnm  swell-up  considerablj,  and 
the  central  portion  dissolves,  leaving  the  external  portion  of  the 
crystalloid  as  a  thick- walled  vesicle ;  on  the  addition  of  water,  a 
gi'anular  precipitate  is  thrown  down  inside  the  vesicle.  The  prooeas 
of  solution  is  the  same  when  the  crystalloids  are  treated  with  1  per 
cent.  NaoCOf  solution,  but  dilution  with  water  does  not,  in  this  case, 
produce  a  precipitate  inside  the  vesicle.  The  central  portion  of  the 
crystalloid  dissolves  also  when  they  are  treated  with  saturated  NaOl 
solution,  but  the  swelling-up  is  less  considerable.  The  vesicle  dissolTse 
i-eadily  in  dilute  KHO,  and  in  dilute  {'At  per  cent.)  HCl.  These 
crystalloids,  therefore,  consist  of  two  substances,  a  vitellin,  forming 
the  central  mass,  and  an  albuminate,  forming  the  outer  portion.  This 
albuminate  may  be  probably  regnrded  as  having  been  produced  bj  an 
altoration  of  the  globulin  of  which  the  whole  crystalloid  donbtleaa  con- 
sisted originally. 

It  appears  that  no  definite  relation  exists  between  the  crystalline 
form  and  the  solubility  of  the  crystalloids  in  solutions  of  neutral  salti. 
According  to  Schimper  (Zoc.  cit.)  all  the  crystalloids  which  I  have 
examined  belong  to  two  systems,  the  regular  and  the  hexagonaL 

1.  Uexngonal  rhombohedra :  crystalloids  of  Musa,  Sparganiom, 
]3ertholletia,  and  the  artificial  crystals  obtained  from  BerthoIIetia. 

2.  Regular  tctrahedra :  crystalloids  of  Ricinus,  Viola,  Linnm,  Cueiir* 
bita,  and  the  artificial  crystals  obtained  from  Cucurbita. 

In  all  cases  I  found  the  aleurono-grain  to  be  invested  by  a  peri- 
pheral layer  {IliiUmemhran),  which  is  apparently  insoluble,  andwUdi, 
a^  PfefFer  suggests,  contributes  to  form  the  proteid  network  or 
which  remains  in  the  cells  after  the  more  soluble  portions  of  the 
have  been  dissolved  out. 

Whenever  saturated  solutions  of  NaCl  were  used,  or  when 
tion  with  NaCl  was  necessary,  for  the  purpose  of  separating 
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from  vitellin,  I  verified  the  results  by  using  MgSO^,  in  accordance 
with  the  researches  of  Hammarsten  ("  tJeb.  das  Paraglobulin," 
"  Pfliiger's  Archiv/'  1878). 

In  conclusion,  I  would  add  a  few  remarks  to  those  which  I  made  in 
my  former  communication  with  reference  to  the  relation  between  the 
globulins  and  the  hemialbumose  existing  in  seeds  and  the  various 
bodies,  such  as  conglutin,  legumin,  (fee,  which  Ritthausen  has  ex- 
tracted from  them*  I  therein  expressed  my  concurrence  with  WeyVs 
opinion  that  these  caseins  are  the  products  of  the  alteration  of  the 
globulins  effected  by  the  alkaline  solutions  used  in  extracting  them. 
I  still  maintain  this  view,  but  I  think  now  that  it  is  only  a  partial  ex* 
planation.  My  observations,  more  particularly  those  on  the  peony, 
make  it  clear  that  a  considerable  proportion  of  these  caseins  is  hemial- 
bumose precipitated  by  the  dilute  acetic  acid  which  is  used  in  Bitt- 
hauscn's  method  for  throwing  down  the  caseins  from  the  alkaline 
extracts. 


IV.  "  Some  Obeervations  upon  the  Hydrolytic  Femients  of  the 
Pancreas  and  Small  Intestine."  By  Horace  T.  Brown, 
F.I.C.,  F.C.S.,  and  John  Heron,  F.C.S.  Communicated  by 
Dr.  W.  Roberts.  F.R.S.    Received  April  15,  1880. 

We  were  requested  a  few  months  ago  by  Dr.  W.  Roberts  to  verify  a 
statement,  recently  made  by  Musculus  and  De  Mering,  that  maltose  is 
a  product  of  the  action  of  an  aqueous  extract  of  pancreas  upon  starch- 
paste.  During  the  prosecution  of  the  inquiry,  and  while  following 
up  certain  lines  of  experiment  which  suggested  themselves  from  time 
to  time,  we  have,  besides  fully  confirming  the  results  of  the  above* 
mentioned  observers,  ascertained  certain  facts  which  we  believe  are  of 
some  physiological  importance  in  elucidating  the  still  very  obscure 
processes  of  animal  digestion  and  nutrition. 

I.  Hydrolytic  Action  of  the  Pancreas, 

The  first  observation  upon  the  amylolytic  action  of  the  pancreatic 
secretion  appears  to  have  been  made  by  Bouchardat  and  Sandras*  in 
the  year  1845.  The  general  functions  of  the  gland  were  more  fully 
studied  in  1856  by  Claude  Bemard,t  and  a  few  years  later  by  Cohn- 
heim  ("  Virchow's  Archiv,''  28,  241,  1863).  DanilewskiJ  in  1862,  and 
Hiifner  ("  Joum.  f.  Prakt.  Chem."  [2],  5,  1872,  396),  ten  years  later, 

*  "  Dee  Fonctions  du  Pancr^,  et  de  son  Influenoe  dans  la  Digestion  des  F^cu- 
lento."    "  Compt.  Rend.,"  20,  1085. 

t  "  M^moire  sur  le  Pancr^."  1856.  "  Lemons  de  Physiologie  Exp^rimentale." 
Paris,  1856. 

t  "  Ueber  specifisch  wirkende  KOrper  dee  Kat^-lichen  und  Eunstlichen  Pancrea- 
tiscben  Saftee."    "  Virchow's  Arehiy,"  1862,  26,  279. 


:S82  Ea-perimental  Re'earchef  :  Heart  of  tlif  Frog,         [May* 

wliich  most  of  nar  ex)Jeriment9  wore  miwie,  namely,  ivt  10'  or  IS* 
TIlIm  conc'luHion  is,  indeed,  the  only  one  winch  tbe  foi^tt;  itdiatt 
for,  iniisinnL'h  as  the  total  duration  of  the  variation  ia  over 
Ki.-eon<ls,  and  the  time  occupied  in  the  propagation  of  the  t!xci(«l 
wave  from  ape:c  to  base  is  cue-twentieth  of  a.  second  at  most,  it  is  d 
that  it  mast  last,  at  the  part  ftirtheet  from  the  seat  of  excitatioq 
ion^'  as  l"-9.  ^ 

Wli(.'ii  both  contacts  are  at  the  eame  temperature,  and  in  ali  c 
ivspcfts  under  the  Game  conditions,  the  local  duration  of  the  ezctU 
stjitc  iii  the  same  at  both,  conaeqnontly,  it  begins  and  euds  Barlier< 
tliiinat/',  thu  initial  aad  terminal  differences  cxpressinf^  tbemselm 
the  initial  and  terminal  phases  of  the  normal  variation. 

When  one  contact  ja  warmer  than  the  other,  the  local  dnratiollr 
the  excitatory  state  ia  leas  in  the  warmed  than  in  the  anwamu 
surface.  Consequently  the  terminal  interval,  i.e.,  the  time  dniii 
wlii('li  ihi.-  exi-itiitory  state  at  /  overlaps  that  at  m,  is  longer.  Hi 
h;is<.-  of  the  variation  begins  earlier,  and  its  deflectdoaftj 


lai 


111'  •.inltii.L'  a.t  m  ia  slightly  injured,  the  local  dnratioii  i 
1  M I  ['i:i[-i'  iM  diminished  in  the  same  waj  as  when  its  temperate 
viisi'il.  Tlic  eSects,  indeed,  are  indistinguishable;  but  if  U 
is  ill  ^ufh  intensity  as  to  destroy  the  surface,  its  most  promiae 
is  10  diminish  its  electromotive  activity.  Conscqnentiy,  d 
V  of  the  eontact/is  unbalanced,  and  expresses  itself  in  the  Ian 
ions  whicli  are  exemplified  in  Table  ITI. 

^riHi'nl,   it    ia   observed  that  in   the   injnred  ventrjele  tho  tot 

111   i.i   liif  vtLriiition  is  less  than  in  the  same  preparation  be£a 

"Wr-  are  not  as  yet  in  a  position  to  offer  an  explanntion  i 

Appendix. 

V,i; ;(■  //(,■  Siir/tice  of  the  Ventricle  in  the  Stsfiii-j  Hearl.- 

y  1 1 -I'll   rujicatodly  stated  that  the  surface  of   the 
.  It  i-  iilpsiiliifcly  uninitired  and  at  tlie  same  temporatare  i 
i-,    i-.i.ili'1-iricftl.     Any    inequality  as    regards 
■ill,  ov  tlicrmiil  conditions  to  which  the  surface  is  exposed,. q 
piiiiied  by  corresponding  electrical  differences,  which  are  of  til 

l>l!Liiii[iin  wire,  warmed  by  the  passage  along  it  of  a  voltd 

t,    is   liniuijht  into   the  neif,'hbonrhood  of  a  led-off  surface,  tii 

invitriiilily   produced   is  to   render  that  surface  positive  to   tt 

If  the  wfirming  is  continued  for  a  few  seconds  only,  the  tBlM 

lly  subsides.     If  it  ia  continued,  the  needle  also  relur""  ' 

iiiliiiuoR   to   move  to   tbe   negative   side. 

I    effect  has  been  prodooed,    the  wire   it  withdrawn,   ij  f 
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subsides,  but  very  slowly.  The  nearer  tbe  wire,  and  tbe  longer  it 
remains  hot,  the  greater  the  electrical  difference  prodaced,  and  the 
longer  tbe  time  required  for  its  subsidence.  Corresponding  results  are 
obtained  by  touching  tbe  surface,  in  tbe  manner  before  described, 
with  a  camel-hair  pencil,  containing  solution  of  common  salt.  The 
immediate  result  is  to  render  the  surface  so  acted  upon  positive  to  the 
other  surface.  Here,  as  before,  the  effect  rapidly  subsides.  If  now, 
the  application  is  repeated  or  a  stronger  solution  is  used,  the  first 
effect  is  the  same,  but  it  is  followed  by  a  slow  deflection  of  the  needle 
in  the  opposite  direction. 

It  is  important  to  notice  that,  in  both  modes  of  acting  on  the 
surface  of  the  ventricle,  the  primary  effect  (that  of  increased  "  posi- 
tivity  "  of  the  warmed  or  slightly  injured  surface)  is,  when  measured 
in  electromotive  force,  inconsiderable.  After  warming,  we  have  never 
observed  a  greater  difference  than  0*003  volt.  When  the  solution  of 
salt  is  used  the  effect  may  amount  to  as  much  as  0*001  volt.  The  sub- 
sequent negative  effect  varies  according  to  the  extent  and  degree  of  the 
injury,  and  may,  as  stated  in  our  former  paper,  amount  to  from  two  to 
three  hundredths  of  a  volt. 

Another  question  relating  to  the  physiological  condition  of  the 
resting  heart  is  that  of  the  influence  of  temperature  on  its  excita- 
bility. We  have  estimated  the  excitability  of  the  ventricle  by  measur- 
ing, at  different  temperatures,  galvanometrically,  the  strength  of  the 
weakest  induction  shock  by  which  a  response  could  be  evoked,  and 
have  arrived  at  the  general  result  that,  when  the  temperature  is  raised 
from  10®  C.  to  30°  C,  the  excitability  increases  by  one- third  op  one- 
sixtieth  for  each  degree.  The  suggestion  offers  itself  that  the  two 
new  facts  which  have  been  stated,  viz.,  the  slight  positivity  of  the 
warmed  surface  and  the  increased  excitability  are  correlated,  but  it  is 
of  no  value,  excepting  as  an  indication  for  further  experiments. 

The  full  account  of  the  experiments,  of  which  the  results  are  shortly 
oommunicated  above,  will  be  published  in  the  *' Journal  of  Physiology." 


II.  "On  a  New  Rheotome.''  By  J.  Burdon-Saxderson,  M.D., 
LL.D.,  F.R.S.,  Jodrell  Professor  of  Physiology,  University 
College.     Received  May  5,  1880. 

I  beg  leave  to  submit  to  the  Royal  Society  the  following  description 
of  an  instrument  intended  for  the  purpose  of  investigating  the  succes- 
sive phases  of  the  electrical  change  which  takes  place  in  the  excitable 
parts  of  plants  and  animals  in  consequence  of  excitation.  Two  instru- 
ments intended  for  a  similar  purpose  are  already  in  use.  One  of  theniy 
known  as  the  differential  or  repeating  rheotome,  was  devised  by  Pro- 
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piano  which  contains  the  axis  of  rotation)  to  any  required  distance 
from  the  axis.     The  two  arms  meet  each  other  at  an  angle  of  45^. 

From  the  form  and  arrangement  of  the  internal  pools  (see  fig.  1) 
it  is  evident  that  whenever  the  screw  e  is  in  contact  with  any  of  the 
pools  b,  by  b,  &,  the  screw  /most  bo  in  contact  with  the  pools  a,  a,  a,  a 
(see  fig.  2),  and  farther  inasmuch  as  /is  nearer  the  axis  than  e,  the 
times  at  which  e  makes  and  breaks  contact  with  the  pool  h  must 
respectively  precede  and  follow  those  at  which  contact  with  the  pool 
a  is  made  and  broken  by  /.  Consequently  the  time  during  which 
both  are  in  contact  (i.e.,  during  which  the  circuit  G  G'  is  closed)  is 
determined  solely  by  the  duration  of  the  immersion  of  /,  and  can  be 
varied  by  altering  its  distance  from  the  centre. 

When  it  is  desired  to  use  the  rheotome  for  investigating  the  effects 
of  series  of  excitations  recurring  at  short  intervals  (tetanus  of  muscle 
or  nerve),  all  the  pools  are  equally  filled  with  mercury. 

Their  equality  must  be  tested  by  interpolating  each  set  of  pools  in 
the  circuit  of  a  Grove's  cell,  which  also  includes  a  recording  chrono- 
graph ;  if  the  chronographic  record  shows  that  the  durations  of  the 
contacts  are  not  perfectly  equal,  the  error  must  be  corrected  by  adding 
or  subtracting  mercury.  For  investigating  the  effeots  of  single 
excitations,  only  one  of  the  external  and  one  couple  of  the  internal 
pools  are  used. 

The  drawing  (fig.  2)  shows  the  arrangement  of  the  apparatus  as 
used  in  the  investigations  made  by  Mr.  Pag^  and  myself  of  the  elec- 
trical phenomena  of  the  ventricle  of  the  heart  of  the  frog.  The 
instrument  is  set  so  that  the  external  contact  g  is  broken  at  a  moment 
which  immediately  precedes  the  immersion  of  /:  consequently  the 
galvanometer  circuit  0  0'  ib  open  at  the  moment  of  excitation,  but 
closed  immediately  after,  remaining  closed  so  long  as  /  is  immersed. 
Bj  means  of  the  tangent  screw,  the  interval  between  the  opening  of 
ihe  exciting  circuit  B  B',  and  the  closing  of  the  galvanometer  circuit 
O  CT,  can  be  varied  at  will. 


in.  **  On  the  diemical  Composition  of  Aleurone-Grains.*'  By  S. 
H.  Vines,  M.A.,  D.Sc,  Fellow  of  Christ's  Ollege,  Cam- 
bridge. Commimicated  by  Michael  Foster,  M.D.,  Prae- 
lecior  of  Physiology  in  Trinity  CioUege,  Cambridge.  Rt*- 
ceived  April  1,  1880. 

In  a  former  communication  ("  Proc.  Roy.  Soc.,"  vol.  28,  p.  218) 
I  gave  an  account  of  an  investigation  of  the  aleurone-grains  of  the 
blue  lupin.  The  following  is  an  abstract  of  the  results  arrived  at 
by  the  investigation  of  the  grains  of  some  other  seeds  by  the  same 
methods :  — 
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II.  The  Almir/me-Orairn  uf  tlie  Peony  (Pa»onia  officinalis). 

a.  Mi-'rcwcopical  ObierviUiows. — In  Mwordaiice  with  tbe  rese&rq 
of  PEi'lfor  ("  Jiibrb,  f.  wias.  Bot.,"  viii,  1872),  the  grains  were  tan 
to  bu  ri'rulily  soluble  in  distilled  water,  the  onl^  proteid  Hnbrtin 
remaining'  in  tho  ceils  being  the  matrix,  whioh,  like  that  of  tho  Iiifl 
is  insoluble  in  dilafe  acids  and  alktilies.  They  also  dissolre  in  1Q.| 
cent,  and  in  siitiirated  Ns.G\  solntiona.  Their  solubility  is  ntinffaJ 
by  prc'\'iona  ti'eatmetit  with  ottber  ether  or  alcohol.  fl 

h.  Clii'iiiictil  Ohiervatioim. — The  wateiy  eitract  of  tha  socds  (in 
Ims  only  a  vcty  faint  acid  reaction  if  a  relatively  large  (lOantiM 
wnliT  \ff  used)  liecomes  tarbid  on  boiling,  and  it  gives  all  thtt  ntao3 
of  a  JIuid  holding  proteid  substance  in  solution.  If  it  be  bo9 
ovnitoi-att^d  to  Binall  balk,  and  then  filtered  into  alcohol,  a  dense  3 
cipiliik-  is  formed.  The  8Til»t«nco  precipitat-ed  readily  disaolnNj 
distilled  wulfT,  and  the  solution  gives  the  reactions  charactcristMll 
siiiutLiiu  of  pi']ktones.  The  substance  does  not  dialyse.  It  is  protaS 
flievi'fipi'c.  tliiif  it  K  identical  with  the  soluble  proteid  dote(-"t*!d  jn  li 
Kccds  nl'  lilt'  lu|ihi,  which  I  provisionally  termed  Hemialbnnius*-. 

Tins  Kubstiiiicc  i.s  readily  precipitated  from  its  wntery  aolatioiL 
the  nildition  of  n  small   quantity  of  acetic  acid.      The   prccra 
dillirs,  however,  from  tlie  original  substance  in  that  It  ia  only  fUkU 
soluble  m  distilled  water:  it  ia  more  soluble  in  solutions  of  oUl 
Ciuhnnutes,  ami   it   dissolves  completely  in  dilute    soIaticHU    i 
iilkiilii'<.     hi  this  ri'sppct  it  resembles  acid-albnrain  (syntouin). 

ir  till'  si'i'ds,  :il't.cr  eittraction  with  water  nntil  the  fiUrate  |^vbs 
ii  very  I'^iiiit,  x.'iiUiioproteic  reaction,  lie  treated  with  10  par  oei)t. ; 
sohitiini,  ;i  fluid  iw  obtained  which  gives  a  dense  precipitate  on  "W 
II  |iri'i*i|iilati'  ii[L  dilution  with  water,  and  on  saturation  with  KlkCS 

FiiTilii'i-,  if  Ihu  seeds  be  eitractod  with  saturated  NaCl  or  IT 
snlnliiiii.  :i  llnid  is  obtained  which  gives  a  slight  turbidity  on  b( 
liul  ii'>  |.rnvptihli-  turbidity  on  dilution. 

I'r.im  llll■^c  isbscfvations,  it  appears  that  the  alenrone-grainii  c 
jTiiiiy  I'liM-isi  i.f  oiic  proteid  soluble  in  water  (hemialbumose),  ■ 
aiKiHii'i-,  lii-.iiliibk-'  ill  di.stilled  water,  bnt  solublo  in  10  per  Pont,  T|| 
wilini"ii,  ;Mid  ])ri.'ui  pi  table  from  its  solution  by  boiling  or  by  b 
'I'liis    laliii-   Imilv   curresponda   in   these  respects   with   tho    s&betl 
fiiuinl  id  ilii'  si'i'ils  (if  tho  lapin,  and  termed  vegetable  myosin, 

ll  SI  I  I..S  imiiiiibk-  that  tho  grains  of  the  peony  contain  uo  i 
(ru-.  :M    iiii»t,  a  vi'ry  small  quantity  of  it)   analogous  to  the 
vililliii,  ivliii'li  411'ciirfi  in  the  grains  of  the  lupin,  and  which  is  K^ 
ill  sMuriil.'d  Xi.Cl  solution. 

in.  77-  -l/-'n-..,„-(Jrti//M  vf  the  Cuntor  Oil  Plaut  (Ricinns  coranmi 
:i.  Mi--,i'^rtiiHoil  Observattont, — When  nioaiited  in  aJcohol,  tho  in 
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are  seen  to  be  ovoid  bodies  which  present  no  indication  of  a  com- 
plex stracture ;  occasionally  a  rounded  mass  may  be  distinguished  at 
the  more  pointed  end. 

On  the  addition  of  water,  the  whole  grain  increases  in  size  and 
becomes  clearer,  in  consequence,  apparently,  of  the  solution  of  a  part 
of  its  substance.  It  is  then  seen  to  consist  of  the  rounded  mass 
before  mentioned,  the  globoid,  and  of  a  large  crystalline  body,  the 
crystalloid,  which  are  imbedded  in  a  more  or  less  spherical  mass  of 
proteid  ground-substance. 

The  action  of  water  is  not  affected  by  previous  treatment  of  the 
grains  with  either  alcohol  or  ether.  The  following  results  show  that 
the  solvent  action  of  NaCl  and  MgSO^  solutions  is  profoundly  modified 
by  such  treatment. 

1.  Grains  treated  with  ether : — 

a.  The  ground-substance  dissolves  readily  in  10  per  cent.  NaCl 
solution,  and  partially  in  saturated  NaCl  or  MgSO^  solution. 

p.  The  crystalloid  dissolves  very  slowly  in  10  per  cent.  NaCl  solu- 
tion, but  it  is  quite  insoluble  in  saturated  NaCl  or  MgSO^  solution. 

7.  The  whole  grain  dissolves  readily  in  20  per  cent.  NaCl  or  MgSOi 
solution. 

2.  Grains  treated  with  alcohol  (or  with  alcohol  and  ether)  : — 

a.  The  ground-substance  dissolves  readily  in  10  per  cent.  NaCl 
solution,  and  partially  in  saturated  NaCl  or  MgSO^  solution. 

p.  The  crystalloid  dissolves  slowly  in  10  per  cent.  NaCl  solution, 
but  entirely  and  at  once  in  saturated  NaCl  or  MgSO^  solution.  If  the 
grains,  after  treatment  with  alcohol,  be  washed  with  water,  the  crys- 
talloids lose  their  solubility  in  saturated  NaCl  or  MgSO^  solution,  but 
regain  it  on  further  treatment  with  alcohol. 

7.  Both  the  ground- substance  and  the  crystalloid  dissolve  very 
readily  in  20  per  cent.  NaCl  and  MgSO^  solutions ;  the  crystalloid  dis- 
solves more  readily  after  treatment  with  alcohol  than  it  does  after 
treatment  with  ether  only. 

6.  Chemical  OhservcUion$, — If  crushed  seeds  be  treated  with  water, 
after  the  oil  has  been  extracted  from  them  by  alcohol  or  ether,  a  fluid 
18  obtained  which  gives  a  precipitate  on  boiling.  The  filtrate,  after 
evaporation  to  small  bulk,  gives  a  precipitate  on  being  poured  into 
alcohol.  The  substance  precipitated  is  readily  soluble  in  distilled 
water;  the  solution  gives  the  reactions  characteristic  of  a  fluid 
holding  peptone  in  solution.  The  substance  does  not  dialyse.  In 
these  particulars  it  resembles  the  substances  found  in  the  seeds  of  the 
lupin  and  of  the  peony,  and  it  may  therefore  be  also  termed  hemial- 
bamose.  It  is  probably  this  substance  which  is  seen  to  be  dissolved 
when  the  grains  are  treated  with  water  under  the  microscope, 

1.  Seeds  treated  with  ether : — 

a.  When  extracted  with   10   per  cent.  NaCl  solution,  a  fluid  ia 
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obtnined  whicb  gives  a  precipitate  or  boiling,  on  dUntion  wilh  «raM 
iinil  on  entnration  with  NaCl ;  tho  Buperuatant  saturated  XaCl  mII 
tion  nisn  given  a  precipitate  on  boiling. 

fi.  When  extracted  witL  GatnrateJ  NaCl  solntioQ,  a  diiid  is  obtwM 
which  gives  a  precipitate  on  boiling  and  on  dilntioo,  , 

2.  Seeds  treated  with  alcohol  (or  with  ether  and  alcohol)  : — 

n.  Extnxcted  with  10  per  cent.  Nad  solution,  a  &aid  is  ofataiM 
which  gives  a  precipitate  on  boiling,  on  dilution,  and  on  sattinlin 
tho  F<u]>ernntaut  satnmtcd  fluid  gives  a  precipitate  on  boiling  aad^ 
dilution. 

fi.  Extracted  with  saturated  NaCl  Bolution,  &  fluid  is  obtained  wUd 
gives  a  prt^cipitate  on  boiling  and  on  dilation. 

Erom  these  obeerratioiis  it  appears  that  the  groan d-sabstance  ■ 
sists  of  hcniialbuniose  and  of  two  globulins,  of  which  one  ii 
and  tho  other  insoluble  in  saturated  solution  of  NaCl  or  MgSO,. 
cryslalliiid  consists  of  a  globulin,  which  is  soluble  in  10  and  9(kf 
cent.  NiiCl  Rolutions,  but  insoluble  in  saturated  NaCl  solution ; 
ti-uatmcnt  with  alcohol  it  becomes  soluble  in  saturated  NaCl  j 
Mgy04  solutions. 

A'Hilioiiid  Remarks  nn  the  Alcurone-Graini  of  the  Blue  Lupin.  I 

After  the  foregoing  results  had  been  obtained,  it  became  not 
to  coiii]ileto  the  investigation  of  the  grains  of  the  lupin  by  a 
ing  the  iictioii  upon  them  of  saturated  NaCl  and  MgSO^  solntua 

I  fdiiiid  Ihat  the  groins  dissolved  readily  in  both  these  flnida^l 
tluil  thi-'ii'  solubility  was  not  affected  by  freatraont  with  aloohoL 
solution,  iji  quantity,  gives  a  precipitate  on  boiling  and  on  dilol 
General  BemorfM. 

The  llirec  kinds  of  alearone- grains  which  have  baes  i 
represent  thrive  degrees  of  complexity  of  composition.  In  tha  B 
whole  gcaiii  dissolves  readily  in  water;  in  the  lupin,  the  grain  4 
iiiily  piirlly  in  water,  the  residue  being  readily  soluble  in  lOv 
NaCl    solutinn;  in    RicinuR  there  is  a  morphological  as  nrelli -i 
cheuiieui    ilillV'fentifttion ;    tho    gronnd-substanco    disi 
Viili'r  iiiul   priH.lj  in  10  per  cent.  NaCl  solution,  and  in  this  resM 
vcseniblrs  the  Mitire  grain  of  the  lupin,  whereas  the  crystaUc^  i 
BoK-es  veiT  slowly  in  10  per  cent.  NaCl  solution. 

It  is  by  no  means  easy  to  give  a  satisfactory  explanation  of  i 
entire  solubility  of  the  grains  of  the  peony  in  distilled  water,  and  « 
thf.su  t.f  the  lupin  in  saturated  NaCl  or  WgSO^  solution.  lu  Ou 
grains  of  the  peony  the  relative  proportion  of  globulin  to  liemial' 
bvimnsc  is  apparently  small,  and  it  may  perhaps  be  aasuroed  that  tkl 
neutral  salts  in  the  cells  auflice  to  bring  tlie  globulin  into  tcmponn 
Kololion,  .so  as  to  cause  the  entire  disintegration  of  the  grains.  At 
regards  the  lupin,  it  is  clear  that  the  globulin  of  whieh  the  e 
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principally  confiist  is  a  yitellin,  and  possibly  the  formation  of  a  preci- 
pitate which  takes  place  daring  the  saturation  of  the  10  per  cent. 
NaCl  solution  maj  be  attributed  to  a  conversion  of  a  part  at  least  of 
the  yitellin  into  a  myosin. 

In  the  course  of  my  observations  it  became  evident  that  alcohol, 
contrary  to  the  generally  received  opinion,  does  not  render  the  vege- 
table  globulins  insoluble  in  solutions  of  neutral  salts.*  All  thq  above- 
mentioned  reactions  are  given  by  aleurone-g^rains  which  have  been  in 
alcohol  for  a  very  considerable  time.  The  grains  of  Ricinus,  for 
example,  after  having  been  in  absolute  alcohol  for  more  than  a  year, 
give  the  same  reactions  as  fresh  ones.  This  is  true  of  the  globulins, 
not  only  whilst  they  exist  in  the  form  of  aleurone-grains,  but  after 
their  extraction  ;  thus,  the  precipitate  obtained  by  diluting  a  10  per 
cent.  NaCl  extract  of  Ricinus  seeds  was  quite  soluble  in  10  per  cent. 
NaCl  solution  after  having  been  for  a  month  in  alcohol. 

The  action  of  alcohol  upon  the  crystalloids  of  Ricinus  is  remarkable 
in  that  it  renders  them  readily  soluble  in  saturated  NaCl  or  MgSO^ 
solution.  That  they  are  otherwise  quite  insoluble  in  these  fluids  is 
proved  by  the  fact  that  I  have  kept  quantities  of  crystalloids  in  excess 
of  the  saturated  solutions  for  months ;  if  some  of  these  bo  treated  for 
a  few  minutes  with  alcohol,  they  can  be  seen  under  the  microscope  to 
dissolve  at  once  in  these  solutions.  It  is  of  interest  to  note  that  if, 
after  treatment  with  alcohol,  the  crystalloids  be  washed  with  water, 
they  lose  their  solubility  in  these  saturated  salt  solutions,  and  that  they 
only  regain  it  after  being  again  treated  with  alcohol.  Alcohol  appears, 
in  this  case,  to  convert  a  substance  which  is  insoluble  in  saturated 
salt  solutions  into  one  which  is  soluble,  that  is,  a  myosin  substance 
into  a  yitellin  substance ;  and,  from  the  foregoing  facts,  it  seems  that 
this  conversion  is  closely  connected  with  the  removal  of  water  from 
the  substance. 

These  observations  led  me  to  investigate  the  crystalloids  of  a  variety 
ol  plants  with  these  reagents,  and  by  the  kindness  of  Dr.  A.  F.  W. 
Sohimper,  of  Strassbnrg,  who  has  closely  studied  the  subject  C  Unters. 
ub.  die  Proteinkrystalloide,"  1879),  I  was  enabled  to  experiment  upon 
the  crystalloids  which  Professor  Drochsel  has  succeeded  in  producing 
artificially  from  the  proteids  in  the  seeds  of  Bertholletia  (Brazil  nut) 
and  of  the  pumpkin  (Cucurbita)  ("Journal  f.  Prakt.  Chem.,"  1879). 

The  results  may  be  briefly  stated  as  follows  : — 

A.  Crystalloids  insoluble  in  NaCl  or  MgSO^  solution  ;  Mu«a  IliUii^ 
Muia  Ensete. 

B.  Partially  soluble  in  NaCl  or  MgSO^  solution ;  Spartjanium 
ramatum. 

•  Bftdlkofer  ("Ueb.  KryiUlle  proteinaHiger  K(>rper/*  1859)  hM  alrcadj  poinUd 
out  that  alcohol  doM  not  cause  the  coagulation  of  the  crystalloids  of  Ricinus,  of 
Bertholletia,  and  of  Sparfomimm  ramamm. 
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C.  rryslalliiid^  eutirely  soluble  in  NaCl  or  MgSO,  solaiion : —      ' 
<f.  Ki'iKlll;  riiihiblo  in  botb   10  per  cent,  and  saturatod  solatioi 
llcitliiilli'tia,  pumpkin  (Cucarbita),  artificial  crystals, 

h,  Slutvly  soluble  in  10  per  cent,  solutions,  more  readily  BolnUai 
20  i>er  C'l'ut.  Aolations,  soluble  in  saturated  BOlations  only-  aftur  tnn 
meut  with  alcohol,  Bidnue  coimrtanis,  Viola  elatior,  Lnm 


Tiie  crystulloidaof  JifiMrt  Hillii  and  of  Miiia  En-iete  (for  this  B 
nlso  I  ttni  indebted  io  Dr.  Scliiniper)  are  remarkable  for  their  im 
liility.  They  swell-up  slightly,  but  do  not  dissolve  in  BolBtioiu~( 
iioulral  salts  of  variona  degrees  of  concentration  and  in  1  per  ofn 
Nai(;0.i  solution.  They  anell-up  considerably,  but  do  not  dissolTO  ( 
dilute  ][CI.  They  awell-np  and  dissolve  partially  in  dilate  I 
Thcv  tliei'ffoi'c,  probably  consist  of  some  relatively  insoluble  albni 

Whon  treated  with  10  or  20  per  cent,  solution  of  NaCl  c 
tlic  cryshilhiids  of  Spanjanium  ramosum  swell-up  coiisidBrabl;-,  I 
the  CLMitrnl  portion  dissolves,  leaving  the  eiternal  portion  ojF  1 
cj'vstalliiici  as  a  thick-walled  vesiclo ;  on  the  addition  of  1 
!:;niiiubLr  pivcipitate  is  thrown  down  inside  the  vesicle, 
of  soltilioiL  ip)  the  same  when  the  crystalloids  are  treated  with  1  p( 
cent.  Na,CO.i  solution,  but  dilation  with  water  does  not,  in  this  OHi 
[iniduci'  .1  proL-ipitato  inside  the  vesicle.  The  central  portion  of  (1 
ci-ystalloid  dissolves  also  when  they  are  treated  with  satsratsd  H»f 
s.ihiiiiiii,  iinl  llii'  swelliog-up  ia  less  considerable.  The  vesicle  dissolrt 
iiii.iili-  id  dihitr  KHO,  and  in  dilute  ('4  per  cent.)  HCl.  Thw 
i-rysliilliiids,  lluretore,  consist  of  two  substances,  ft  vitellia,  fomiia, 
I  til'  fi  ulial  HiMss,  and  an  albuminate,  forming  the  outer  portion.  TW 
iillnitr\iiia(i'  itiiU"  be  probably  regnrded  as  having  been  produced  by  ih 
iilU-raiiiTL  i.r  tliL'  globulin  of  which  the  whole  crystalloid  doubtlew  i 
si.-t...i  .,riL,'i«ally. 

It  ii].pvars  that  no  definite  relation  exists  between  the  C 
form  :iiid  the  solubility  of  the  crystalloids  in  solutions  of  nenbidd 
According  to  Scliimper  {loe.  eit.)   all  the  crystalloids  whic^  I  ! 
c^auiincil  bulling  to  two  systems,  the  regular  and  the  hexagonal, 

I.   llrvigiiiml    rhombohedra :     crystalloids   of    Unsa,    Spargaaii 
l!oftliip|Irtia,  and  the  artificial  crystals  obtained  from  BertfaoUetilb, 

■J.   lii'u'uluv  tctrnhedra:   crystalloids  of  Riciuos,  Viola,  Linum,C 
liitii,  and  ilic  ai'iillcial  cryata'a  obtained  from  Ciicnrbita. 

Ill  all  cases  I  found  the  aleurone-grain  to  be  invested  bj  ftf 
pliiTal  h\\-rr  <  lliilhiifinhrau),  which  is  apparently  insol able,  audu' 
as  rfrllVr  suggests,  contributes  to  form  the  proteid  network  or  au 
wlilcli  ri'iuaitis  in  the  cells  after  the  more  soluble  poilions  of  theg 
lii.vn  b<rn  diss,ilvedont. 

WIhiivvci-  saturated  solutions  of  NaCl  wore  osed,  or  when  am 
linn  with  NaCl  was  necessary,  for  the  pnrpoee  of  separating  mj 
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from  vitellin,  I  verified  the  resalts  by  using  MgSO^,  in  accordance 
with  the  researches  of  Hammarsten  (**  Ueb.  das  Paraglobulin/* 
"  Pfluger's  Archiv,"  1878). 

In  conclusion,  1  would  add  a  few  remarks  to  those  which  1  made  in 
my  former  communication  with  reference  to  the  relation  between  the 
globulins  and  the  hemialbumose  existing  in  seeds  and  the  various 
bodies,  such  as  conglutin,  legumin,  <&c.,  which  Ritthausen  has  ex- 
tracted from  them.  I  therein  expressed  my  concurrence  with  Weyl's 
opinion  that  these  caseins  are  the  products  of  the  alteration  of  the 
globulins  effected  by  the  alkaline  solutions  used  in  extracting  them. 
1  still  maintain  this  view,  but  1  think  now  that  it  is  only  a  partial  ex* 
planation.  My  observations,  more  particularly  those  on  the  peony, 
make  it  clear  that  a  considerable  proportion  of  these  caseins  is  hemial- 
bumose precipitated  by  the  dilute  acetic  acid  which  is  used  in  Ritt- 
hauscn's  method  for  throwing  down  the  caseins  from  the  alkaline 
extracts. 


IV.  "  Some  Obeervations  upon  the  Hydrolytic  Femients  of  the 
Pancreas  and  Small  Intestine."  By  Horace  T.  Brown, 
F.I.C.,  F.C.S.,  and  John  Heron,  F.C.S.  Communicated  by 
Dr.  W.  Roberts.  F.R.S.    Received  April  15,  18«0. 

We  were  requested  a  few  months  ago  by  Dr.  W.  Roberts  to  verify  a 
statement,  recently  made  by  Musculus  and  De  Mering,  that  maltose  is 
a  product  of  the  action  of  an  aqueous  extract  of  pancreas  upon  starch- 
paste.  During  the  prosecution  of  the  inquiry,  and  while  following 
up  certain  lines  of  experiment  which  suggested  themselves  from  time 
to  time,  we  have,  besides  fully  confirming  the  results  of  the  aboye- 
mentioned  observers,  ascertained  certain  facts  which  we  believe  are  of 
some  physiological  importance  in  elucidating  the  stiU  very  obscuro 
processes  of  animal  digestion  and  nutrition. 

I.  Hydrolytic  Action  of  the  Pancreas. 

The  first  observation  upon  the  amylolytic  action  of  the  pancreatic 
secretion  appears  to  have  been  made  by  Bouchsrdat  and  Sandras*  in 
the  year  1845.  The  general  functions  of  the  gland  were  more  fully 
studied  in  1856  by  Claude  Bernard,t  ftnd  a  few  years  later  by  Cohn- 
heira  ("  Virchow's  Archiv,»'  28,  241,  1863).  DanilewskiJ  in  1862,  and 
Hiifner  ("  Joum.  f.  Prakt.  Chem.'*  [2],  5,  1872,  396),  ten  years  later, 

*  "  Dm  FoDciions  du  Pancr^,  et  de  son  Influenoe  dftiit  U  Digestion  dee  Fecu- 
lente."    "  Compi.  Rend.,"  20,  1085. 

t  '*  Mtooire  lur  le  Pancr^."  1866.  "  Lemons  de  Phjuologie  Exp^rimentsle.*' 
Parit,  1666. 

X  "  Ueber  fpecifl«ch  wtrkende  KOrper  dee  Nat&rlichen  und  K&nsUichen  Pancrea- 
tbebm  Sftftca."    *'  Yirchow't  Archir,"  1862,  25,  279. 
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isolated  ft  soluble  amjlolytic  ferment  fi^jm  the  pancreas,  the  tot 
ohsvvvcr  by  acidifying  the  aqaeoua  infusion  with  phosphoric  inai  m 
ptociiiitiHiiiij   with    lime;  the  latlor  by   the   glycerine    method   l| 
ik-scribed  by  Wittich.  J 

UiifiKT  fimnd  that  the  isolated  body,  which  vraa  atiU  doobtil 
impuTe,  contriined  14'95  per  cent,  of  nitrogen,  bnt  a  le3s  qnanti^] 
carbuii  anil  n.  grcat«r  quantity  of  oxygen  than  an  ordinary-  albaminn 

Until  iTCently  it  bus  always  been  taken  for  granted  that  the  fanM 
(able  sugar  produced  by  the  action  of  pancreas  apou  starch-pns^ 
<lcstrose.  Nasse,  however,  in  1878  ("  Pfliiger's  Archiv  f.  Phyn 
logic,"  14,  473),  attempted  to  show  that  the  fermentable  ajid  ruprt 
oxide  reducing  body,  obt.iined  by  the  action  of  aalira  upon  starcii,  it 
specific  sHgar  which  he  ealls  ptyatoee,  and  that  the  action  of  pancreat 
juice  ap]>t'ara  to  result  in  the  production  of  the  same  body.  Naassdi 
not  isolatethis  hypothetical  sugar,  uor  even  approximately  detemil 
its  sj>ocitic  i-otatory  power,  but  relied  mainly  upon  its  non-redacl 
I!ui-fiH'd's  solution,  and  its  doubling  in  reducing  power  on  boiling  "■ 
dihiff  iicid,  as  evidence  of  its  non-identity  with  destrose. 

In  the  early  part  of  last  year  Muscnlas  and  De  Miiring  pablislu 
iuiportaut  memoir  ("  Bull.   Soc.  Chim.,"   31,  105),  upon   the  t 
diasdise,  Siilisa,  and  pancreatic  secretion  upou  atarcli  and  glycogML  J 

They  fMUcliided  from  their  experiments  that  the  fumientabl©  b 
produird  in  all  these  reactions  is  a  mixture  of  nmltoseond  dextrM 
W'c  luu'i'  sliown  ilia  I'eeent  comrauni  cation  to  the  Chemical  Societ 
(■',rnun..('hcm.  S™,,"187a,  1.648;  "  Liebig's  Ann.,"  199,  245),  tfa 
(/r  .■//■0,-c  ciiu  rert.^inly  not  be  included  amoagst  the  prodncts  of  fl 
ai'tioii  lit  iiialt-iliast'LSB  npon  starch.  The  experiments  we  are  abo^| 
dcscrilic  will  however  afford  ample  proof  of  the  correctnoaa  of  fl 
jiiirtioii  ril'  Hic  above  stalement  of  Musculus  and  De  Muring  iiifiii  r  lllJ 

Vm-  c\|nTiineiib)  were  made  either  with  the  aqueous  infusion  of  S 
L-li:mi,  (If  with  the  actual  tissue  itself  in  a  finely  divided  state,  ■ 

Tile  lirsi,  tiii^i  IiihI  is  by  far  the  most  convenient,  and  is  the  one  wMc 
we  i.'-i'uctiiMy  ;idii]iti;d  when  studying  the  action  of  the  pancreas,  bat  i 
will  111'  sifu  (hat  iTi'tain  tissues  can  produce  under  some  circumstanoa 
liyiiralyiir  I'ffrct.i  which  their  aqaeous  infosiona  are  incapable  of  a 

Willi  a  ilcar  aqueons  infusion  of  the  gland  the  course  of  exj 
did  not  differ  nialerially  from  that  which  we  employed  when  t 
|.'aliti|;  till'  iii'tiim  of  malt.diastase  upon  starch  {loc.  ci't.).  A§  ail 
the  infll^il>n  had  no  power  of  reducing  cnprio-oside,  hei 
iii'ci's.-aiy  (o  apply  any  correction  to  the  quantity  of  capric-oiide  ( 
dui-cd  !iy  t!ie  I  rani^  formal  ion  products. 

Ill  casus  where  the  transformation  was  effected  by  the  actual  tissw 
itsuir,  (his  WHS  previously  dried  very  rapidly  in  a  current  of  air.  a, 
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35**C.,  a  process  which  oould  easily  be  carried  out  without  decomposi. 
tion  taking  place.  The  dried  tissue  was  nsed  with  a  given  yolome  of 
the  experimental  liquid  containing  a  known  quantity  of  the  carbohy- 
drate.  The  volume  of  the  liquid  was  kept  constant  during  the  experi« 
ment,  and  the  small  increase  in  solid  matter  due  to  hydration  was  taken 
into  consideration.  Far  more  accurate  results  are  obtained  by  this 
method  than  by  attempting  to  estimate  the  correction  for  the  total 
solids  by  digesting  a  given  weight  of  the  tissue  in  a  gi^en  volume  of 
water.  In  the  latter  case  the  solvent  action  of  the  water  upon  the 
tissue  always  differed  somewhat  from  the  solvent  action  of  the  solution 
of  the  carbohydrate  employed. 

When  a  clear  infusion  of  pancreas,  obtained  by  acting  for  several 
hours  upon  one  part  of  the  finely  divided  pancreas  of  the  pig  with 
five  parts  of  cold  water,  is  added  to  starch-paste  at  40°  C,  complete 
limpidity  is  produced  with  extreme  rapidity,  and  in  from  ten  to 
fifteen  minutes  iodine  ceases  to  produce  any  reaction  for  soluble  starch 
or  erythrodextrin.  Careful  observations  at  different  periods  of  the 
reaction  showed  unmistakeably  that  the  transformation  in  its  first 
stages  does  not  differ  in  the  least  from  transformations  of  starch-paste 
made  at  60°  G.  with  aqueous  malt-extract,  which  has  not  been  pre* 
vionsly  heated  to  a  higher  temperature.  When  the  specific  rotatory 
power  of  the  transformation  products  has  reached  [«]^.m,  162°*5,  the 
oapric-oxide  reducing  power  is  found  to  be  it  49 — 50.  When  about 
8  onb.  centims.  of  the  pancreatic  infusion  have  been  nsed  for  every 
gprain  of  starch,  the  time  occupied  in  fnlly  bringing  about  this 
change  is  from  forty  to  fifty  minutes.  The  liquid  now  contains 
nu»Uo$e,  and  an  achroodextrin  having  all  the  properties  of  our  achroih 
deoBtriH  f . 

The  maltose  was  proved  to  be  identical  with  that  obtained  by  ibe 
action  of  malt-extract  by  isolating  it  in  its  characteristic  crystalline 
form,  and  by  determining  its  specific  rotatory  mnd  cupric-oxide  re- 
ducing  powers. 

The  composition  of  the  matter  in  solution  at  this  point  is 

Maltose SO'S 

Dextrin 192 


1000 
which  is  that  required  by  our  No.  8  equation. 

lOCiaH^Oio  +  SHjO  =  SCijH^On  +  C^^H^Ojo 

Soluble  starch.  Maltose.  Achroodextrin  C* 

On  continuing  to  digest  the  liquid  at  40°  C,  the  values  of  [«];-  and  « 
undergo  a  little  alteration,  which  is,  however,  very  slow  when  com* 
pared  with  the  previously  rapid  degradation  of  the  starch-molecule. 

The  following  is  an  example  of  such  an  experiment : — 
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90  cwh.  contims.  ol      liqi 
alrc'adj-  ruOnccd  to  the  i      ve  j.  for  tweh 

hoars,  with  the  fiirt        i    J 

At  tlie  end  of  that  time,  ring  remained  perfectly  { 

from  orj^iinic  life,  the  starch-  led  on  analysis  the  Iblli 

foiTCLtuil  numl)crs : — 

[-Vs. '28=;? 

tj-M S^''^ 

corresponding  very  cloeelj  with  naition 

MaltoBe 55'5 

Dextrose  ......  327 

Dextrin    118 

100-0 
The  united  evidence  afforded  by  i  fa  experimenta  as  the  ■ 

proves  <■  nclusivtly  that  the  prolotu  i  ion  of  n  pancreatic  inl 
jii-liK  risiilts  1  fftring  materially  from  loso  obtained  under  e 
cju  it  IS  «itli  milt  eitract  With  mi  e^ti'a^'t  the  hydroljtic  eSlBO 
u|oii  tl  sf  u  li  products  after  No  8  e«  Fttun  is  reached,  is  confinoi 
<-ii>  t  l\  I  t)  <.  nvei  sion  of  the  achrooi  ttim  into  maltose,  the  la(ta 
h  Ij  1 L  _,  iIll  tina!  product  of  the  r  i  n  Un  the  other  huid,J| 
n|mon  iiiln-.  n  of  pancreas  whilst  a  niitinj,'  a(.hroodextrin  j 
in  ill  St    M.1I  il  Ij  hvdrolyies  the  maltose  to  dctti 

IniiKi    t  »   [  it    this   important   point   1 1    d  ffLnnce   betwean  ] 
icti  II     t  mdt    ind  pancreatic  extract  be\on  1  all  donht,  a  solntii 
jiiin,  II  dt  '-L  «   b  di.,'ested  with  an  infns    u  f  f  pmcreaa,  in  just  J 
••(mcminmi  a^  maltose  had  on  many  prevn 
witliiudl  t^liut 

lUC  (111    Lfntims  of  a  solution  of  maltose,  cmtaining  S'BlSg 
ol   sul-tiii  e    "Lre  mixed  with  20  cub    ttntims    of  a  clear  i 
infuM  nof  piiK.u'as,  the  mfnsion  being  added  in  sueceaaive  portdai 
)  lul    <   ndms  I  ith      Temperature  of  dig(->tioii  i:)"  C 

In  i  lit  h    11-  (he  optital  activitj  of  the  srlut  on  had  fallen  f 
[-il  I    '    I    (o  [a],  g,,  148°  7    and  aftci  sixti.rn  hours  to  [m\ 

1        i     tl  L  \  iliK     f  K  at  the  end  of  this  I  iul  having  niten  from  6 
'  I  J       1 1  L  t   mj    sition  doduted  from  thett  latttr  numbers  is 

Maltose B3-8 

Dextrose 162 

1000 

This  experiment,  repeated  many       nes,  ali 
suits.  Ihiis  [iiiiviiig  thatthe  amylob        i         ,  of  bsiaoapl 

lis  stated  by  Musculns  and  De  i  i 
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into  dextrose,  a  property  which  is  not  shared  bj  malt-diastase.  Both 
malt-diastase  and  pancreatic-diastase  have,  however,  the  property  of 
hydroljsing  the  lowest  achroodextrin  of  the  series,  a  fact  which  we 
have  proved  by  submitting  to  their  action  the  isolated  and  purified 
achroodextrin  ^. 

A  series  of  experiments  was  now  made  with  the  object  of  ascer- 
taining if  the  pancreas  contains  any  ferment  capable  of  inverting 
cane-sugar.  It  will  be  remembered  that  a  cold  aqueous  infusion  of 
malt  possesses  this  property  to  a  limited  extent.  The  first  experi- 
ments were  made  by  digesting  solutions  of  cane-sugar  at  40°  C,  with 
25  per  cent,  of  an  aqueous  extract  of  pancreas  (5  of  water  to  1  of 
pancreas).  As  long  as  the  solutions  remained  free  from  bacteria  we 
never  observed  even  the  slightest  inversion  of  the  cane-sugar,  the 
specific  rotatory  power  of  the  solutions  remaining  constant  through- 
out  the  experiment.  If  the  digestion  was  carried  on  for  a  length  of 
time  sufficient  to  develop  organic  life,  and  a  sensible  evolution  of  gas, 
a  marked  inversion  of  the  sugar  set  in,  a  result  which  is  not  however 
attributable  to  any  soluble  ferment  derived  from  the  pancreas. 

From  some  observations  made  at  a  later  period  of  the  inquiry  it 
seemed  possible  that  the  gland- tissue  itself  might  have  an  effect  which 
was  not  shared  by  its  aqueous  infusion.  An  experiment  was  conse- 
quently made  in  which  the  finely  divided  pancreas  itself  was  digested 
with  the  cane-sugar  solution.  Here  again,  however,  as  in  the  former 
case,  absolutely  no  inversion  took  place. 

J.  Bechamp,  in  his  experiments  upon  the  action  of  various  tissuea 
upon  starch-paste  and  cane-sugar,  states  that  the  pancreas  has  a  very 
slight  invertive  action  upon  cane-sugar  (*'Les  Microzymas,"  p.  68). 
In  an  examination  of  the  details  of  his  experiments,  however,  it  is 
clear  that  he  only  obtained  evidence  of  invertive  action  after  the  gland 
had  been  in  contact  with  a  sugar  solution  for  several  days,  and  in  no 
cases  without  the  previous  appearance  of  bacterial  life,  to  which  doubt* 
less  the  effects  are  attributable ;  the  invertive  action  of  some  of  these 
organisms  being  almost  as  well  marked  as  that  of  the  Saccharomyces. 

II.  The  Hydrolytic  Action  of  the  Small  Intestine. 

Claude  Bernard  first  called  attention  to  any  distinct  hydrolytic 
action  of  the  small  intestine.  He  found  that  a  solution  of  cane-sugari 
inclosed  within  a  portion  of  the  intestine  ligatured  above  and  below, 
or  placed  in  contact  with  an  infusion  of  its  mucous  membrane,  speedily 
acquired  the  property  of  reducing  a  cnpric  solution. 

Bernard  found  this  property  common  to  the  small  intestine  of  the 
dog,  pig,  rabbit,  rat,  and  various  other  animals,  and  looked  upon  the 
invertive  action  as  one  of  the  most  important  functions  of  the  suecus 
mterieus. 

The  observations  made  from  time  to  time  upon  the  amylolytic  action 
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ot  the  secretions  of  the  small  intestine  are  Bomewbat  conflicting 
Thiry  ("  Wien  Sitznngeber.,"  50.  77),  in  18C4,  by  isolating  a  portJcM 
of  the  smiiU  intestine  of  a  living  animal,  obtained  an  aJbnminon 
secretion  which  he  foand  had  no  action  upon  starch,  and  with  thi 
observiilion  Funko  agrees.  On  the  other  hand,  Masloff  (''  Uoton 
Physiolog.  Inst,  Heidelberg"  [2],  1879,  p.  290),  Freriohe,  and  Bnad 
("  Vii-cUow's  Archiv,"  xiv,  p.  140)  state  that  the  small  intestine  hfl 
the  power  of  transforming  starch. 

When  commencing  to  investigate  the  hydrolytic  action  ot  the  toati 
intestine  of  the  pig,  we  made  use  of  an  aqncoas  infusion  of  the  tia 
made  by  actinj^  upon  one  part,  of  the  well-washed  and  finely-mii 
intestine  with  (ive  parts  of  water  for  from  ten  to  fifteen  hours. 

Such  iin  aqueous  exti'act  was  prepared  from  throo  difforont  port 
of  the  intestine. 

(1.)  A  portion  of  the  dwiden'um  immediately  below  the  glan^ll 
Brunner. 

(2.)  The  ii'jminated  Payer's  glotids  (Peyer'a  patches)  cut  from  | 
jejunum. 

(3.)  Portions  of  the  j'JiMttm  and  ileum,  not  containing  any  of  I 
agiiiiniiUd  Peyer's  glands.  ■ 

'J<J  cub.  ceiitims.  of  the  clear  filtered  infusion  made  with  each  o£j 
above  pot'tiotis  of  intestine  were  added  to  lOU  cnb.  centims.  of  a,  a 
sugar  fiiilution  containing  4-557  grms.  of  sugar  per  100  cub.  cent 
On  ili^'Otiiig  I'm-  three   hours  at  40°  C,  and  allowing  snbsequeoUj- ft 
stiinii  ill  tlio  cold  for  twenty-four  bom's,  scarcely  a  trace  of  invenWH 
was  I'uuiul  to  have  taken  place. 

The  iictioii  <if  equal  quantities  of  the  variona  infnsiona  upon  starah 
p!i,tto  wiis  scarcely  more  marked ;  about  3  grma.  of  starch,  in  the  fan 
of  stiii-eh-pastc,  being  employed  in  each  case,  at  a  t^mpeiatare  o! 
40 — 4j'  C.  After  digestina  for  aisty  minntes,  none  of  the  "i^inphi 
of  stareli-pikhtu  showed  any  signs  of  limpidity.  After  sixteen  hoBn 
No.  1  w!is  finind  limpid,  but  contained  only  soluble  starck ;  Ifv,! 
was  pot't'cctly  limpid,  and  contained  a  little  erythrodoztrin  j  wlfl 
No.  '3  wiis  iilisulutely  nnacted  upon,  the  gelatinisation  being  atUl^ 
perfect  iis  at  tlie  outlet  of  the  experiment.  J 

The  pii,',   from  which  was  deriyed  the  intestine  used   in  the  ftbt 
cxi)uriiiii.iils,  liiid  been  killed  after  fusting  for  thirty-six   honra.  ■ 
occui'ivil  lo  us  that  the  absence  of  any  well-marked  amylolytio  I 
niii.'lii  be  diiv  Ui  this  fact,  and  that  a  different  result  would  p 
be  iibtaincil  l>y  infusing  an  intestine  in  which  the  various  glands  II 
been  more  rtccntly  active.     In  order  to  test  this,  an  animal  was  li 
iibiiut  two  hours  after  administering  a  liberal  allowance  of  borleyi 
In  this  case  ihe  aqueous  extract  of  the  small  iutestino  poasesasAil 
somewhat  greater  action  upon  starch  than  in  the  previous  experim 
but  the  transforming  power  wu  atill  very  feeble,  mora  thftn  two  b 
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being  required  for  the  production  of  limpidity  in  the  starch-paste  con- 
taining the  most  active  of  the  three  portions  of  the  intestine,  which 
was  in  this,  as  in  the  former  case,  the  region  of  the  jejunum  and 
ileum  containing  the  Pejer's  patches. 

It  is  possible,  as  was  first  shown  by  Berthelot,  to  obtain  a  clear 
aqueous  infusion  of  ordinary  yeast,  which  is  capable  of  exercising 
a  very  decided  invertive  action  upon  cane-sugar.  The  action  of  this 
aqueous  infusion  is,  however,  feeble  when  compared  with  the  inversion 
produced  by  actual  contact  of  the  yeast-cells  themselves. 

Reasoning  from  this  fact,  it  seemed  to  us  probable  that,  in  the  case 
of  the  intestine,  far  more  pronounced  hydrolytic  results  might  be 
expected  from  acting  with  the  tissue  itself,  than  from  merely  using  its 
aqueous  infusion.     This  was  found  to  be  the  case. 

In  the  following  experiments  the  different  portions  of  the  small 
intestine,  after  thorough  and  prolonged  washing,  were  dried  rapidly 
in  a  current  of  air  at  35°  C,  and  were  divided  into  very  fine  shreds, 
which  were  immersed  directly  in  the  solutions  under  examination. 
The  intestine  was  taken  from  a  pig  of  eight  months  old,  killed  during 
the  period  of  digestion. 

The  solution  of  cane-sugar  employed  contained  3*020  grms.  of  sngir 
per  100  cub.  centims. 

To  every  100  cub.  centims.  of  the  solution  were  added  5  grms.  of  the 
finely  divided  dry  intestine.     Temperature  of  digestion,  40°  0. 

All  the  determinations  were  made  by  the  optical  method. 

Comparative  Action  of  the  different  portions  of  the  Small  Intestine  of 

the  Pig  upon  Gane-Sugar. 


Portion  of  the  •mall  intestine. 

Percentage  of  cane-sugar  inrerted. 

After  1| 
hrs.  at  40°. 

After  S| 
hrs.  at  40°. 

After  16 

hrs.  in  the 

cold. 

After 

further 

digestion 

for  5  hrs. 

at45^ 

(1)  Duodenum  immediatelj  be- 

low   the    pjloruB,    con- 
taining Brunner's  glands 

(2)  Duodenum       below       the 

glands  of  Brunner   .... 

(3)  Jejunum,     not     including 

anj  of   Pejer's  patches 

(4)  Deum 

(5)  Aguiinated  glands  of  Pejer 

(Pejrer's    patches),    cut 
from  the  jejunum 

No  action. 
No  action. 

•  • 

•  • 

9-2 

No  action. 

No  action. 

14  0 
14-0 

18-4 

No  action. 
10-9 

19  5 
19-5 

24-6 

13  0 

18*0 

25  1 
25  1 

26-7 
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Action  of  variata  poHiom  of  the  Small  Intestine  upon  Starcli. 

TIic  action  of  the  titsiie  of  the  email  inteatino  apon  starch-paste^'fl 
upon  ciuiu-i^agiLr,  la  decidedly  more  energetic  than  that  of  iia  aqneod 
infusiou.  Limpidity  of  the  starch-paste  is,  however,  not  nipidl 
brought  about,  and  when  produced,  the  reenlting  soluble  starch  4 
very  sttible,  and  resista  any  Bensible  hydrolyeation  for  a  considenli 
time.  M 

Strictly  comparative  experiments  upon  the  amylolytic  powep'l 
the  various  parts  of  the  intestine  were  made  in  the  foUowiaj 
manner  ;— 

30  K'''ns-  of  potato-starch  were  gelatinised  with  1000  cob,  centiou 
of  wat^r,  and  1  cub.  centim.  of  malt-extract  was  added  to  the  rosultil^ 
starch-paste  after  cooling  to  60°  C.  The  moment  limpidity  waa  pH 
ducod,  the  further  action  of  this  trace  of  malt-extract  was  arreeted'V 
boiling.  The  liquid,  filtered  perfectly  bright  on  cooling,  and  contaialM 
besides  soluble  starch,  only  a  trace  of  erythrodextrin  and  m&Itoas,  fl 
analysed ;  its  specific  gravity,  optical  activity,  and  capric-oxlde  redBcfl 
power  lieing  determined.  The  solution  was  divided  into  portal 
measuring  lUO  cub.  centims.,  into  each  of  which  were  immersed  5  gitn 
of  the  dried  iiiid  Suely  divided  intestine.  The  various  experiment 
liquids  were  digested  under  exactly  similar  conditions,  in  the  WfttM 
bath  at  4(J''  C. 

The  portions  oE  the  intestine  taken  were  as  follows,  the  anintal  | 
which  tliey  iviTC  derived  being  a  young  pig,  killed  daring'  m 
dif^'cstion  of  .'^tiircliy  food. 

(1.)  A  ]«)rtion  of  tbo  duodenum  taken  immediately  below 
pyli.>rus,  ;iiid  i-ontiiining  numerous  Brnoner's  glands,  which  were 
appiiii'iit  in  this  case  owing  to  acdve  digestion  being  in  programs  ol 
time  of  the  nnimal'a  death. 

(2.)   Lower  portion  of  the  duodenum  not  containing  any  Brnni 

(;;.)  Atruiiiiatcd  Pejer's  glands  taken  from  the  jejunum. 

(4.)   I'lirtions  of  the  jejunum  not  containing  any  Peyer's  pateliM 

(■'■.)   I'Drtiuris  uf   tho  ileum,  taken  at  the  distance  of  a  few  i&ol 

Thr  Miliiiiuns  giivo  the  following  iodine  reactions,  the  dilate I( 
Moluiiun  l>i'iLii,'sli]ivly  added  in  each  case  up  to  an  excess  j  tbasei 
tlie  ili'tcetiiiii  iif  any  erj  thro  dextrin. 

After  digestion  for  titteen  minutes — all  deep  blue — no  prodiH 
of  ervthroiiextrin. 

After  thirty  minutes. — a  very  slight  production  of  erythrodeztna  It 
iill. 

After  forty-five  minntes^all  gave  a  violet  reaction.  From  tiu 
lai-ger  uuiouiit  of  iodine  solution  requisite  to  produce  a  permuieai 
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coloration  in  No.  3/  it  was  evident  that  the  hydroljtic  action  was 
proceeding  more  rapidly  in  this  than  in  any  of  the  other  solutions. 

After  three  and  a-half  hours — Nos.  1  and  2 — deep  violet  reaction. 
No.  3  contained  only  a  trace  of  unconverted  soluble  starch,  and  no 
erythrodextrin. 

Nos.  4  and  5,  violet  reaction,  but  much  lighter  in  tint  than 
Nos.  1  and  2. 

After  the  digestion  for  three  and  a-half  hours  at  40°,  and  lying  in 
the  cold  for  sixteen  hours  longer,  the  various  liquids  were  fully 
analysed.     The  corrected  results  are  here  given : — 


Portion  of  the  intestine. 


(1)  Duodenum,  with  Brunner*t  glands . . . . 

(2)  Lower  part  of  duodenum 

(8)  Pejer's  patches 

(4)  Jejunum 

(6)  Ileum 


3|  hours 
at  40**. 

16  liours  in  the  cold. 

Mm. 

Mjtrai. 

's-ss. 

179** -8 
163** -4 
148** -3 
169** -7 
16r-2 

149** -8 
140** -7 
122** -8 
138**  0 
134»  -9 

41-7 
47-8 
68-8 
680 
60*6 

Upon  calculating  the  composition  of  the  transformation  products 
from  the  above  numbers,  a  very  remarkable  fact  was  brought  to  light. 
Maltose  was  present  in  only  one  case,  that  of  No.  3,  the  whole  of  the 
cupric-oxide  reducing  body  consisting  in  the  other  cases  of  dextrose. 
The  percentage  composition  of  the  products  is  here  given. 

(1)  Dextrose 417   [«]>3-86    «sm     W>3m    «s-m 

Soluble  starch  and 

dextrin 58-3  ....    150°-3     417    149**-3     417     * 

V ^ ;  V ^ ; 

100*0  Calculated.  Found. 

(2)  Dextrose 478 [«]>3-m    's m     [«]>« m    'sm 

Soluble  starch  and 

dextrin 52-2  ....   140**7     478    140**7      478 

V [^ ;  V ^^ ; 

1000  Calculated.  Found. 

(3)  Maltose 16*6    M/n-^s    'jim     [«]>s««    «8m 

Dextrose 631    122^0     633     122°-3     63  3 

Dextrin 30*3   ^ v '  ^^ v ' 

Calculated,  Found. 

1000 
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(4)     Dextrose . 


starch  &nd 
dextrin 47*0  .. 


(5)     Dcstrose 50-6   ... 

Soluble  starch  and 
destrin 4i9'4  ... 

100-0 

The  question  now  arises — has       ) 
lucnts  pasRcd  previouely  through  i 

derived  more  directly  from,  the       ,rchf 

Direct   evidence,    as  well   as 
?fronif|y  to  the  former  propi  n 

seen,  in  four  out  of  five  of  the       | 
resisted  very  jjersistently  the  hydrol; 
this  resistance  to  transformation  i 
oxperinitnt  witli  the  Peyer's  glands,  a  I     le  tnaltose  waa  fousd. 

Tlie  couclnsion  seemed  a  fair  o  we  had  here  to  dcnl  v 

remarlinble  hjdrolystng  agent,  d         ng,  in  its  relative  action  i 
starch  and  starch-prodacta,  from  that  of  any  other  known  fenaet 
its  class ;  an  ngent  which  is  in  fact  capable  of  Lydrolyaing  i 
with  |.'ivnti'r  ease  than  soluble  starch. 

Oil  further  experiment  this  sarmise  proved  correct. 

All  }i"rl ions  of  the  small  intestine  exert  at  40°  a  rapid  hydrotjfUtM 
I'-jwii  iiiiilli's,- ;   ail.  action,  however,  which  varies  in  intennfy  Mi  d 
j-u'l«  ••/  llii'  iiilivtiiie,  and  is  far  more  energetic  than  thU  of  e 
'jinrli.ii'  .if  II,.-  itifcsfiiieiipon  sfareh-paste,  loluhiv  slareh,  the  higher  A 

Tli'l  •'•I'fii  rnui-.fiifinr   itself. 

After  tliiiroughly  washing  the  small  intestine  of   a  pig,  the  p 
of  the  ji'inniira  containing  the  agminated  Peycr's  glands  were  cat  oOl 
ra|>iilly  diii^d  nt  Zh°,  and  cut  into  fine  shrt'ds,   h  grms.  of   which  wen 
L  Inu  cub.  centima.  of  a  solution  confaining  3'107  grms.  oi 


"nished  by  analogy,  poijj 
the  correct  one.  We  bH 
'nts,  that  the  Bolable  atm) 
?tion  of  the  ferment.  WlMl 
t  strongly  marked,  aa  in  t^ 


purr 


Lall»» 


e  mixture  was  digested  at  40°  for  sixteen  honrs,  and  at  the  ead 
of  that  time  it  was  found  that  (Aemo?/os«A<Kifteen  entirely  converted  into  a 
ileviri'^r  which  possessed  the  same  specific  rotatory  power  and  c 
nxiile  ri'iUiciiiir  power  as  ordinary  deitro- glucose,  with  which  it 
doubtless  iilcTitical. 

All   ]iortiiiiis   of  the  small  intestine  exert,  riplorit  var 
inoic  rnpiii  ami  complete  action  upon  maltose  t       .  uf       eiine-sngftr, 
and  ihe  hydrohtic  effect  of  the  agminated  I'eycrf  npon  eitluai 

of  tlie.se  carbohydrates  is  far  greater  than  that  ir  portion  o| 


ui3l 
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the  small  intestine,  either  for  equal  weights  or  for  equal  areas  of  the 
tissue. 

We  have  satisfied  ourselves  of  the  truth  of  these  statements  by 
numerous  experiments. 

The  following  results  exhibit  the  relative  action  upon  maltose  and 
oane-sugar  of  (1)  the  agminated  Pejer's  glands  of  the  jejunum,  and 
(2)  of  the  adjoining  portions  of  the  jejunum  containing,  besides  the 
glands  of  Ldeberkiihn,  only  solitary  Peyer's  glands.  The  experiments 
were  conducted  under  exactly  similar  conditions,  5  grms.  of  the 
dried  and  finely  divided  intestine  acting  in  each  case  upon  3  g^rms.  of 
the  carbohydrate  dissolved  in  100  cub.  centims.  of  water. 


1. — Action  of  agminated  Peyer*s  Glands  of  the  Jejunum  upon 

Gane-Sugar  and  Maltose. 


Cane-tugar  . . 
MaltoM 

1 
Percentage  of  carbohydrate  hjdiolysed. 

1^  boura  at 
40*. 

8^  boors  at 
40°. 

After  16  bonrs 
in  tbe  cold. 

-  1 

5  hours  more 
at46^ 

9  8 
16-4 

18-4 
88-9 

2i'6 
62-2 

26-7 
74-8 

2. — ^Action  of  the  Jejunum,  without  agminated  Peyer*s  Glands, 

upon  Cane- Sugar  and  Maltose. 


Cane-fogar  . . 
MalftoM 

Percentage  of  carbohjdrate  bjdroljBed. 

1|  hours  at 
40°. 

8|  hours  at 

AAer  16  hours 
in  the  oold. 

5  hours  mom 
at46^ 

10-9 
4-2 

13-6 
26-6 

21-7 
88*6 

24-4 
67-9 

These  experiments,  in  conjunction  with  those  upon  cane-sugar, 
described  at  p.  31^9,  prove  that  the  activity  of  the  smiJl  intestine  upon 
saccharose  is  slow  and  incomplete,  when  compared  with  its  power  of 
converting  maltose  into  dextrose ;  and  also  that,  while  the  conversion 
of  maltose  into  dextrose  under  tbe  action  of  the  intestine  ferment  is 
as  continuous  and  uninterrupted  a  process  as  is  its  conversion  by 
dilute  sulphuric  acid,  the  invertive  action  upon  cane-sugar  is  decidedly 
limited,  the  action  being  either  arrested  or  proceeding  with  extreme 
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elowiiesa,  when  25  per  eent.  of  the  total  quantity  of  cui&-sngw  ■ 
Ijeen  inverted.  The  reason  for  thia  limited  invertive  action  ia  fl 
no  menns  t^lear,  and  the  subject  reqairea  further  investigation.  j 

Clando  Bernard,  who  first  demonstrated  the  existence  in  the  Bini 
intestine  of  a  soluble  ferment  capable  of  inverting  cane-sngor,  eu 
Kidered  that  in  this  property  resided  one  of  the  most  importM 
functions  of  the  etiecKB  enterkvs.  By  injecting  a  solation  of  cbOI 
Bngar  into  the  veins  and  cellnlar  tiasne  of  animals  he  demoDfitnU 
thtit  this  cai'lxthydrate,  after  traversing  the  syatcm,  is  elimuuH 
weight  for  weight  in  the  urine,  without  undergoing  any  modifioatiil 
or  iissiniilatioii.  In  order  that  cane-sugar  shall  be  assimilated  I7  tl 
unidial  or  voffctable  economy,  it  mast  first  be  inverl&l.  The  seat  of  (I 
invertive  action  is  in  the  small  intestine  itself. 

If  tliis  funetion  of  the  small  intestine  has  the  importance  attribl 
to  it  by  Itcntai'd,  it  is  in  the  highest  degree  probable  that  the  relol 
far  moit'  active   nialtoae-hyd rating   ferment,   coexisting  1 
vertivo  ferment,  must  possess  some  considerable  physiological  vftlqj 

It  must  he  remembered  that,  under  natural  conditions,  the  1 
of  c.aiie-sni,'ar  which  an  animal  is  called  upon  at  any  givt 
assiniiltiU'  is  very  small  when  compared  with  the  amount  of  pw 
derived  dJn.L'tly  from  starch. 

We  caiiiiol  consider,  under  these  circumstances,  that  so  well-n 
ami  Klriking  a  function  of  the  small  intestine  na  that  of  convn 
niriltiis<-  into  dextrose  can  bo  nseless  to  the  animal  economy.  TI 
most.  ]ii'i>lj;ible  f,\|ilanation  is  that  maltose  is  incapable  of  aaaimilatjo 
ill  its  iiii.iltoicd  state,  hut  has  first  to  be  broken  down  to  the  smalli 
uioleruli'd  dextrose,  jnst  as  cane-sugar,  prior  to  assimilation,  ia  ooi 
vert  I'll  ill  til  the  chemically  less  complex  dextrose  and  levulose,  ThiB< 
reiideii'd  llie  more  probable  from  the  known  similarity  of  t 
of  tiiiilti'se  and  cane-sugar,  both  bodies  belonging  to  the  ( 
Kupirs  represented  by  the  formula  Ci^ajOn. 

Whether  maltose  ia  capable,  under  any  eircnmstancea,  of  ] 
diiveily  iissiuiiliited  is  a  question,  the  solution  of  which  we  mnsi  b 
ill  III.'  hands  of  experimental  physiologists.  Probably  a  aeries  of  c»n 
fully  emidiieted  injection  experiments,  similar  to  those  made  ll 
lievnaiii  with  cane-sugar,  would  yield  the  desired  information.  ] 
is  ti'iii'  liiat  iIk'  eNlimation  of  maltose  in  urine  wonid  be  attended  wit 
[ri'eaier  dilUi'iilties  than  the  estimation  ot  cane-sugar,  but  these  diB 
ciiltii's  are  by  110  means  insurmountable. 

Ii  will  be  rememberod  that  the  action  of  artificial  pancrnfttio  J 
upon  gehiliriisfd  starch  IH  very  rapid,  the  transformation  prodnot 
short   lime    containing   80  per   cent,   of    maltose,    which   i 
shiwlv  and  partially  converted  into  dextrose  by  a  continnanco  of  tt 
reni'tioii.      The  active  ajjent  of  the  small  intestine,  on  the  other  hmi 
while  ixertitig  but  little  aotioa  Dpon   gelatinised  or  soluble  Btaral 


»tioJ|] 

lnot»9 

but  ^ 
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converts  with  great  readiness  maltose  into  dextrose.  Thus  we  see 
that  in  the  transition  from  colloidal  starch  to  highly  diflFasible  dextrose, 
the  hydroljtic  actions  of  the  pancreas  and  small  intestine  are  mtUiicUly 
dependent  and  complementary  to  each  other,  neither  one  set  of  actions 
alone  being  sufficient. 

The  small  intestine  docs  not  contain  a  very  active  amylolytic  fer- 
ment, because  it  is  seldom  or  never  called  upon  to  act  upon  unaltered 
starch,  the  first  portion  of  the  work  being  completed  by  the  pancreatic 
secretion.  Briicke  ("  Wien.  Sitzungsber.,**  65  (3),  126),  when  experi« 
menting  upon  dogs  fed  with  amylaceous  food,  found  that  the  soluble 
starch  and  erythrodeztrin  which  were  produced  in  the  stomach  at  once 
disappeared  on  passing  the  pylorus,  under  the  rapid  action  of  the  pan- 
creatic juice. 

We  have  now  to  consider  more  fully  the  part  played  by  the  three 
different  sets  of  glands  of  the  small  intestine  in  bringing  about  the 
hydrolytic  effects  which  we  have  described.  These  glands  are  known 
as — (1)  the  glands  of  Brunncr ;  (2)  the  glands  or  follicles  of  Lieber- 
kiihn  ;  and  (3)  the  glands  of  Peyer. 

Brunner's  glands  occur  only  in  the  duodenum.  They  are  most 
numerous  immediately  below  the  pylorus,  and  resemble  closely  in 
structure  the  salivary  glands,  or  minute  portions  of  the  pancreas. 
When  a  portion  of  the  duodenum  containing  these  glands  is  mace- 
rated in  water,  the  liquid  becomes  extremely  viscous,  owing  to  the 
extraction  of  the  special  glandular  secretion.  This  effect  is  best 
observed  by  taking  the  duodenum  of  an  animal  which  has  been  killed 
during  digestion.  The  viscid  secretion,  resembling  in  appearance 
submaxillary  or  sublingual  saliva,  ha^  but  a  very  slight  amylolytic 
action.  The  portion  of  the  duodenum  containing  the  glands  has  only 
a  very  slight  invertive  action  upon  cane-sugar,  but  a  somewhat  more 
decided  hydrolytic  action  upon  maltose. 

The  glands  or  follicles  of  Lieberkiihn  consist  of  tubular  depressiooB 
in  the  mucous  membrane  of  the  intestine,  and  are  generally  supposed 
to  secrete  the  sticcus  enter icuSy  to  which,  however,  the  Brunner*s  glands 
must  also  largely  contribute.  Since  Lieberkiihn's  follicles  are  pretty 
«venly  distributed  throughout  the  whole  of  the  small  intestine,  and  the 
hydrolytic  effect  of  equal  areas  of  the  intestine  varies  very  much  in 
different  parts,  it  is  evident  that  these  glands  play  no  very  important 
part  either  in  the  inversion  of  cane-sugar  or  in  the  still  more  active 
hydration  of  maltose  to  dextrose. 

We  believe  that  the  variable  hydrolytic  action  of  the  different 
regions  of  the  small  intestine  is  mainly  if  not  entirely  due  to  the  rela- 
tive frequency  of  the  glands  of  Peyer.  The  solitary  Peyer's  glands 
occur  most  scantily  in  the  upper  portion  of  the  duodenum,  and  here 
the  hydrolytic  effect  is  by  far  the  least.  As  the  solitary  glands  in- 
4;rease  in  number  the  action  of  ihe  intestine  becomes  more  strongly 
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markeii,  and  finally  the  regions  of  the  jejnnuni  and  ileum  ooDtaiiul 
the  agniinatcd  glands,  or  Peyer'a  patches,  are  the  portions  of  the  " 
testinr  whicli  exert  the  most  pronounced  hydrolytie  efioct  a\ 
mnltose,  cane-sugar,  and  starch.  These  glands  consist  of  sm&ll  omi 
mnsMcs  of  adcniiid  tisauo,  embedded  in  the  mncoiis  membiuae, 
enclosing  vast  numbers  of  lencocytcs.  The  glands  are  in  intv 
relation  both  with  the  vascular  and  lymphatic  systems,  eacJi  foIKi 
being  penetrated  by  blood-vessels,  and  sniroiuided  by  lymph 
whieh  are  in  counesion  with  the  lacteala  of  the  vilh. 

The  function  of  the  Peyer's  glands  is  by  no  means  established,  fl 
opiDion  held  hy  physiologists  up  to  a  few  years  ago  that  they  dischai^ 
hy  ofcasional  rupture  an  intermittent  secretion  into  the  tnlefitJH 
appeai-s  now  to  Ijc  abandoned  in  favour  of  the  view  that  they 
strumt'ntal  in  absorbing  material  from  the  blood  and  chyle,  wki 
they  elaborate  and  again  transmit,  in  a  modified  form,  in  part  to 
portal  blood,  and  in  part  to  the  lacteal  system. 

Th(!  pi'operty  which  the  glands  undoubtedly  possess  of  hydroln 
ninhose  to  dextrose,  and  of  ho  rendering  the  starch  pi^dnete  of 
jiuiiei-catie  digestion  more  fitted  for  nutrition,  is  probably  one  of  it 
special  fanctions  of  elaboration. 

Our  work  on  these  matters  has  been  necessarily  restricted  ( 
chemical  side  of  the  sohject,  and  we  must  now,  leat  we  sIiOiiM 
the  charge  of  o\*fi-stepping  our  metier,  leave  farther 

the  iiands  of  pliy^ioh.giats. 

'ihi'  tollinviiiL.'  iiro  tho  main  points  which  we  conaidef  have 
cstiibli.-ilu'd  liy  iJiir  eiperiments  : — 

(I.)  Tlie  action  of  artificial  pancreatic  juice  upon  starch-pM 
soluble  sliiruli  ut  40"  C.  is,  in  the  earliest  stages  of  the  reaction,  al: 
111  th.'it  !•!'  iinhcatcd  malt-extract  acting  at  60°  C.  and  ander,  tbo 
position  of  the  starch -prod  nets  becoming  comparatively  statfl 
when  fiOK  per  cent. of  maltose  has  been  produced. 

(2.)   Both    malt-diastase    and    pancreatic- diastase    are 
liydrolysing  the  lowest  achroodeitrin  to  maltflse. 

(:!.)  Pancreatic-diastafie  is  capable,  hy  long  continued  action  aft 
of  !-li>wly  but  ficiisibly  converting  maltose  into  doxirose,  a  du 
whii'Ii  iiiiilt-diiislaso  is  incapable  of  effecting  even  under  the  1 
fiivonrablu  ciruuiustanees. 

(-1-,)  Noilhec  artificial  pancreatic  juice,  nor  the  tissue  of  tfaeg: 
itwll  contains  any  ferment  which  is  capable  of  inverting  cane-HoM 

(.j.)  The  small  intestine  is  capable  of  hydrolysing  maltoas.  Oil 
verting  cane-sugar,  and  of  acting  feebly  as  an  amylolytic  ferment: 

(0.)  The  acliou  of  the  tissue  of  the  small  intestine  in  brhu 
almat  these  changes  is  far  gi-eater  than  that  of  its  mere  oqn 
infusion,  and  differs  materially  in  different  regions  of  the  inlostiiw 

(7,)  The  variability  of  the  hydrolytio  action  of  different  portnonf 
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the  Binall  intestine  is  independent  of  the  relative  freqneney  either  of 
the  glands  of  Lieberkiihn,  or  of  those  of  Bmnner,  bat  appears  to  be 
correlative  with  the  distribution  of  Peyer's  glands. 

(8.)  In  the  transition  from  colloidal  starch  to  readily  diffusible  and 
easily  assimilated  dextrose,  the  actions  of  the  pancreas  and  of  the 
Peyer*s  glands  are  mutually  dependent  and  complementary. 

The  pancreas  readily  breaks  down  the  starch  to  maltose,  but  is 
capable  only  of  a  very  slow  conversion  of  the  resulting  maltose  to 
dextrose.  The  Peyer's  glands  on  the  other  hand,  whilst  almost 
powerless  upon  starch  itself,  take  up  the  work  at  a  point  where  the 
pancreatic  juice  almost  ceases  to  act,  and  so  complete  the  conversion 
of  starch  into  dextrose. 


V.  **  On  the  Ova  of  the  Echidna  hystrix*^     By  Professor  OWEN, 

C.B.,  F.R.S.     Received  April  26,  1880. 

(Abstract.) 

The  present  communication  carries  forward  the  subject  of  mono- 
trematous  generation  to  a  stage  beyond  those  detailed  in  vols.  124 
(1834),  p.  555,  and  155  (1865),  p.  671,  of  the  "  Philosophical  Trans- 
actions,"  and  relates  to  the  discovery  of  ova  in  the  right  uterus  of  a 
female  Echidna  hystrix^  killed  14th  September,  1879,  and  in  the  left 
uterus  of  one  killed  30th  August,  1879,  at  Towoomba,  Queensland. 
These,  with  other  specimens,  killed  between  30th  August  and 
10th  October,  were  transmitted  to  the  author  by  Oreo,  Fred.  Bennett, 
Esq.,  Corresponding  Member  of  Zoological  Society  of  London,  and 
were  received  in  February,  1880. 

In  the  largest  ovum  the  first  fission  of  the  germ  mass,  corresponding 
to  that  described  by  Martin  Barry  and  Bischoff  in  the  rabbit's  ovum, 
had  commenced  but  was  not  completed. 

In  other  respects  the  ova  of  Echidna  closely  correspond  with  those 
of  the  Omiihorhynchus  described  and  figured  in  the  volume  above 
cited,  p.  555,  Plate  XXV,  figs.  3-7.  No  further  progpress  in  embryonal 
development  was  detected ;  but  the  fission-stage  strengthens  the  con- 
clusion, previously  arrived  at,  of  the  viviparity  of  the  Monotremata. 

The  functional  equality  of  both  uteri  in  the  genus  Echidna  corre- 
sponds with  the  equal  development  of  the  right  with  left  female  organs, 
in  which  it  differs  anatomically  from  the  OmUhorhynchtu, 

The  Society  adjourned  over  the  Whitsuntide  Recess  to  Thursday, 
May  27tii. 
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Mr.  W.  H.  Preece.  * 


May  27,  1880. 
THK  PRESIDENT  in  the  Chaii", 
The  Pi'csents  I'eceived  were  laid  on  the  table,  and  tlniiibs  et 


Tinj  following  Papers  were  read;- 


I.    -Oi.    Muine   ThtTinal    Effects   of   Electric   Ciirrente.''f 
AViLLlAM  Henry   Preece,  General  Post  Office. 
(rated  by  Profeseor  Stokes,  Sec.  B.S.     Received  Ap 
18.S0. 

I  liftvu  been  engaged  for  some  time  past  in  csporimentiny  c 
thermal  effw;ts  of  electric  currents,  but  the  final  rosalts  of  thoi 
menu  are  not  sufficiently  ripe  at  present  to  justify  my  bringing  ji 
buforc  the  Royal  Society.     I  have,  however,  obtained  one  resnJt  fl' 
1  believe  to  be  sufficiently  novel  to  jnstify  a  ehort  preliminury  not 

Tlu'  most  fidiking  facte  elicited  by  these  experiaients  are  ; 

1.  Tin:  extreme  rapidity  with  which  thin  wires  acquire  ui4   1 
their  increastil  temperature. 

'2.  The  oxressive  Kensibility  to  linear  expansion  which  fine  i 
lii-h  iv^U:im-c  rvince. 

lod  tber 


K')>   th 


iforo  of  expansion  and  coittn^  1 
■y  nearly  directly  as  the  increment  or  decrement  of  fl 
variationH  are  very  small,  it  occurred   to  x 
f  small  diameter  and  high  resistance  were  attac 
rd,  or  to  the  centre  of  a  disk  (such  as  one  of  those  n 
ind  phDnopraphs)  and  it  formed  part  of  a  cirtnuft.q 
lie  carrents,  sonorons  vibrations  ought  to    bo  | 


Irh 


■ui. 


i  thL-  arrangement  of  the  apparatus  naed  ttxtH 

I  stout   Imisc  of  mahogany,  on  which  a  brass  support  O'l 
■')  ili;i(  it  could  slide  and  be  fised  at  any  distance  from  D. 
it  first  ;l  disk  of  thin  paper,  and  then  of  thin  iron. 
lie  will'  experimented  upon  whose  loose  ends  were 
ilsi>ii  tiic  wooden  base,  so  as  to  be  inserted  in  t 
;  a  iiiicrojibono  transmitter  M  and  a  battery  B  of  e 
i.i:Lsh  nils  in  another  room  out  of  hearing, 
iium  wire  of  0003  inch  diameter  and  sii  inches  long  fl 
lii-st  used,  and  the  sonorous  effects  were  most  marked  J 
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encoaragiog,  when  the  microphone  transmitter  U  was  spoken  into. 
The  articalation,  though  muffled,  was  clear,  and  words  conld  easily 
be  heard. 


1.  Experiments  were  first  made  to  determine  the  length  which  gave 
the  toadest  sonnd  and  tbo  clearest  articalation,  and,  atlcr  repeated 
trials  with  every  variation  of  lengtli  from  one  inch  to  six  feet,  it  was 
foand  that  a  wire  six  inches  long  gave  the  maximum  eSect. 

2.  Experiments  were  then  made  to  determine  the  diameter  of  the 
wire  that  gave  the  best  effect,  and  after  repeated  trials  with  evcrj 
gange  drawn  from  0*0005  inch  to  0005  inch,  it  was  fonnd  that  wire  of 
the  diameter  0*001  inch  gave  the  best  effect. 

3.  Experiments  were  then  tried  with  wires  six  inches  in  length  and 
O'OOl  inch  diameter  of  different  materials,  viz.,  gold,  iron,  alnmininm, 
silver,  copper,  palladiam,  and  platinum,  and  they  came  ont  in  the 
following  order  of  merit : — 

Platinum Very  clear. 

Alaroinium Very  variable. 

Palladium Clear. 

Iron Clear. 

Copper    Faint. 

Silver Faint. 

Gold    Very  poor. 

4.  The  effect  of  mechanical  strain  was  tried.  It  was  fonnd  not  to 
raiy  the  effect.     When  once  the  requisite  tension,  which  varied  with 


J 
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each  metal,    was  obtained,    farther  tighteniDg  up    did    not  vaiy  % 
clearness  or  londiieBS  of  articulation. 

(iolii  would  scarcely  bear  the  tension  reqnirod  to  reproduce  scooi^ 
vilmvtious,  hence  its  low  posiitiou. 

o.  Very  thin  carbon  pencil,  '0625  inch  diani«t«r,  WAa  triad 
compression  and  under  tension,  bat  no  effect  wKntoTor 
unless  a  bad  joint  was  made,  when  at  once  a  laint  micropbotue 
wa^  apparent. 

li.  No  sibilant  soncida  whatever  coold  b«  reprodaoed. 

7.  That  the  efiect  WRR  dne  to  heating  and  cooling  was  sliowo  In 
fai'i  that  it  mtt3  possible  to  increase  the  cnrrent  to  ancb  a  strtngC 
to  render  the  temjieratare  of  the  wire  sensible  to  the  touch,  «m<1 
to  make  its  elongation  and  contraction  by  low  Honnda   evidfint 

If  therefore  appears  from  these  cJtperimenta  that  wires  codt 
tho^e  currents  of  electricity  which  are  required  for  telephonic  punii 
c\p;ind  and  contract  as  they  are  heated  and  conlpd,  and  as  tfa*  nil 
tioiis  in  the  strength   of  the  cnrrent  are  small  eamparod    'with  H 
Hi  rcngth  of  t!ie  current  itaelf,  the  expansion  and  contiAclion 
tlie  same  ratio  as  the  condensation  and  nurefaction  of  thi 
ciinvejiiig  the  souoroua  vibrations  which  produced  theno  vibrntioi 

The  mechanical  changes,  or  molecular  Tibrations  in  the  ii 
directly   or   indirectly  to  telephonic    currents,  which    result 
repi'oJiictiou  of  sound,  bear  a  close  analogy  to  the  mechanical  cl 
due  to    tlic   dii-eet  transmission    of  sonnd,  but  with   this    im] 
dift'eimco.  tliiit   while  the  vibrations  due  to  soand    are 
nloiiL:  the  wire,  nnd  their  velocity  is  low  and  easily  measured, 
due  to  tlici'diiil  elTcetsare  practically  instantaneous,  and  therefore 
sitiLuhiineousiy  tlie  whole  length  of  the  wire. 

(Received  May  27,  l?i80.) 
.V-', ,  -Di.-  la  Rive,  in  184.3  (viJe  "  Electricity,"  vol.  i.  p.  3{M)J 


aitted  sounds  when  rapid  discontiaai 

ciirii'iiis  wi-n-  ]i;issi'd  through  it,  but  he  attribotcd  the  effect  ton 
lutisiri,  lor  he   fiiilcd   to  obtain  the  same  effect  in  non-magnetio  n 

(n^ili!iiii  111  11  luund,  in  1874,  that  a  simple  helix  without  an  ii 
ciuittrd  sounds,  iiud  (in  167(!)  that  very  distinct  sounds  proceed  I 
i*tr(iii;ht  pieces  of  iron,  steel,  retort  carbon,  and  plumbago  when  0 
vcyiii'-'  euri'eiils. 

IVol'.ssor  lluj^hes  siiowed  that  hia  microphone  was  reversible,  ,fi 
is,  that  it  eoiild  receive  as  well  as  transmit  sonorous  vibrationB, 

yh:   UVisciidiingcr  ("  Telegraphic    Journal,"  Oct.  1,  1878)  1 
duccd  sounds  oil  a  microphonic  receiver,  which  he  called  s  t~ 
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phone,  and  attribnted  the  effect  to  its  trne  canse,  vis.,  the  expansion 
of  bodies  under  the  inflnence  of  heat,  which,  in  fact^  is  the  explanation 
of  all  microphone  receivers. 

Ader  reproduced  speech  by  the  vibrations  of  a  wire  conveying 
currents  of  electricity,  but  he  found  that  only  magnetic  metals  were 
effective,  and  therefore,  like  De  la  Rive,  he  attributed  the  result  to 
magnetic  agencies.  (Vide  Count  du  Moncel,  **  Telegraphic  Journal," 
March  1,  1879.) 

These  and  many  other  sonorous  effects  of  currents  on  wires  may  be 
really  due  to  such  heat  effects  as  I  have  described. 


II.  **  A  Preliminary  Account  of  the  Reduction  of  ObservationB 
on  Strained  Material,  Leyden  Jars,  and  Voltameters."  By 
John  Perry  and  W.  E.  Ayrton.  Communicated  by  Pro- 
fessor G.  G.  Stokes,  Sec.  R.S.     Received  April  17,  1880. 

It  has  been  shown  by  Dr.  Hopkinson  that,"  if  two  Leyden  jars  be 
made  of  the  same  glass,  but  of  different  thicknesses : — 

1st.  If  they  be  charged  with  the  same  difference  of  potential  for 
equal  times,  discharged  for  equal  times,  and  then  insulated,  that  the 
residual  charge  will,  after  equal  times,  have  in  both  cases  the  same 
difference  of  potential. 

2nd.  That  residual  charge  is  proportional  to  exciting  charge. 
These  propositions  may  be  included  in  one  law — the  superposition  of 
simultaneous  forces  is  applicable  to  the  phenomena  of  residual  charge. 
All  the  investigations  in  Dr.  Hopkinson's  paper  in  the  '*  Transactions 
of  the  Royal  Society,"  vol.  167,  part  2,  serve  tojprove  this  law,  and,  so 
far,  they  support  the  theory  of  residual  charge,  which  we  owe  to  the  late 
Professor  Clerk  Maxwell.  We  should,  therefore,  be  inclined  to  think 
that  one  of  the  best  methods  of  investigating  the  relation  between  tiie 
relative  powers  of  different  glasses  to  possess  residual  charge  would 
be  simply  to  charge  jars  made  of  these  glasses  for  the  same  great 
length  of  time,  discharge  for  the  same  short  intervals,  and  insulate, 
measuring  in  each  case  the  time  increase  of  soaking  out  of  the  residual 
charge.  Wliatever  the  thickness  of  the  glass  or  the  amount  of  the 
original  charge,  we  know  that  the  same  glass  will  always  give  the 
same  proportion  of  residual  charge  at  the  same  times  from  insulation. 
Any  change  of  the  state  of  the  glass  caused  by  heat  would  be  shown 
as  a  change  on  the  curve  of  increasing  residual  charg^.  There 
seems  to  be  no  doubt  that  this  method  would  g^ve  what  may  be  called 
a  measure  of  the  spceitic  power  of  producing  residual  charge  pheno* 
mena  of  the  glass  experimented  on. 

In  this  way,  since  1875,  we  have  obtained  a  considerable  number  of 
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curves  for  rrsidnal  charge  in  coBiiensera  of  different  dielectrics'^ 
different  teiuperatarea,  and  so  we  may  eay  that  we  have  mcAsoredil 
puwLT  of  producing  residual  charge  ptienomena  in  the  Babstana 
experimented  upnn  in  differeut  states,  and  this  power,  -which  wetn 
our  "  residual- chat^-fanction,"  ought,  according  to  Dr.  HopInDBO 
to  be  constant  for  the  same  substance  at  the  same  tempertttnre.  Tbn 
if  vi  is  tho  reijidual  charge  at  t)ie  time  I  after  insulation,  and  if  V  i|^ 
the  original  long  continued  charge,  vi~-V  is  our  r«aidaaI-chaM 
function  for  tlio  time  (,  which  we  may  designate  by  F;.  Of  cooran 
if!  evident  tliat  if  P'(  is  our  function  for  a  different  dielectric,  mt 
h',-i-l"i  is  not  ueceasarily  the  same  as  F^-^  FV  ;  in  fact-,  the  residua 
choi'u'e-funtiinii  is  only  completely  specified  when  a  table  is  giveii.  i 
its  valuus  at  different  times  after  insulation.  We  have  used  the  ma 
name  and  synihel  in  the  esperiments  we  hare  been  siranltfUiOOlid 
making  during  the  last  fiyo  years  oa  strained  wires  and  beatne,  td 
on  voltaniefcrR  a.nd  magnets,  and  of  course  there  is  always  thediffiool 
experienced  iij  Dr.  Hopkinsou  with  his  more  complicatod  fuactio 
"  -^l,"  wliii'li  i-enders  it  necessary  to  give  a  table  of  values  instead  I 
only  one  vnluo  of  the  function.  Thus,  for  two  partiual&r  Icinija  i< 
glass,  Di-.  Hopkinaon  finds— 


-^(5)- 


V.(60)-B_ 
V''(60)— B 


=35, 


1 


Diviu'^'  lii>w  iviili  the  same  two  glasses  the  ratio  is  affected  by  ti 
s  time  from  5  to  60.      Again,  also  in  his  investigation   of   tha  uq 
eo  of  ti.'m|iL'vaturo  on  residual  charge  in  the  same  glass,  ho  M 
it  iit  irrr  F.  tho  values  of  V{1)— 13  and  V-CS)— 13  are  reapeottl 
W  nnd  OOH  t,  ivith a  ratio  one  to  the  other  of  11 ;  wherean  the  vaj 
tlicso  fimetinna  at  108"  F.  are  0155  and  0'05  respectively  wi 
lio  otir  lij  the  other  of  3'1.     This  method  of  measurement  is  Bot^ 
LTL-fnrr,  1. 1  i's:u-tly  the  same  objections  as  tho  easier  method  of  w] 
'  liiivo  s]Kiki'ii  ;  in  frtct,  we  are  not  aware  that  hitherto  auy  umU 
.s  .'iliniMi  il-irlf  to  be  better  than  nctually  giving  the  carves  of  rial 
Icdii.il  ill  III-  iiisul[ilion,  or  the  carves  of  change   of  current  dv^ 
ar-c  urid   .l,->'lru^'c  of  u  condenser.      This  is  the  method  whirfj 
VL'  I'Diniit  ilii.'  liisii'st  for  tho  discussion  of  such  phenomena,  and  fl( 
iy  dir>'ct  attention  to  such  curves  for  voltameters  in  a  paper  com 
niiicaicd  by  as  to  the  Society  of  Telegraph  Engineers,  and  whial 
ipciireil  in  ihfiv  Journal,  vol.  v,  1877,  Nos.  15,  16,  p.  891.     Carri 
!''(i(i'   there  shown,   in  fig.  4,  p,  396,  is  especially  interesting,  M^ 
.'  fi'oiii  it  tluil  if  a  voltameter  with  dilute  sulphuric  acid  be  obaVdB 
til  one   Minotto's  cell   for  a  certoiu  time,  then   discharged  IflH 
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certain  time,  bj  remoying  the  battery  and  connecting  together  the 
platinnm  plates  of  the  yoltameter  throngh  a  resistance,  and  finally  the 
platinum  plates  be  insulated,  that  the  difference  of  potentials  between 
the  plates  gradually  rises,  presenting  phenomena  exactly  like  the 
soaking  out  of  the  residual  charge  in  a  Leyden  jar  that  has  been  in- 
sulated after  being  discharged  for  a  short  time. 

The  unsatisfactory  nature  of  the  ordinary  experiments  with  con- 
densers has  led  ns  to  try  if  we  could  find  the  actual  constants  in 
Professor  Clerk  Maxwell's  differential  equation — 

IF^^'dt^^^  •  •  •  •  +'«^-«^+\y+  •  •  •  •  +'^;^^  •    •    a)^ 

where  t;  is  the  difference  of  potentials  of  the  two  surfaces  of  the 
condenser,  and  u  the  current  flowing  ioto  or  from  the  condenser  at 
the  time  <,  for  it  is  quite  evident  that  if  his  theory  bo  correct  these 
constants  completely  determine  the  residual  charge  phenomena  of  the 
substance.  The  difficulty  in  obtaining  these  constants  has  involved 
ns  in  a  very  large  amount  of  labour,  and  we  have  only  yet  reduced  a 
small  number  of  the  curves  we  have  experimentally  obtained  during 
the  last  five  years ;  in  addition  wo  havo  found  that  many  of  our  ex- 
periments will  have  to  be  repeated  with  somewhat  different  conditions 
for  the  investigation  to  bo  regarded  as  complete.  But  some  of  the 
results  already  obtained  from  this  reduction  are  of  interest.  Thus,  in 
one  set  of  observations,  we  havo  tried  to  determine  the  constants  from 
curves  of  the  soaking  oat  of  the  residual  charge  of  a  Leyden  jar  dis- 
charged for  a  very  short  time,  having  been  previously  kept  charged 
for  so  long  a  time  in  a  room  of  nearly  constant  temperature,  that  no 
loss  was  observed  during  two  or  three  days,  that  is,  the  jar  may  be 
regarded  as  possessing  almost  infinite  insulation. 

The  Leyden  jar  employed  for  these  experiments  was  that  of  a 
Thomson's  quadrant  electrometer,  and  the  measure  of  its  charge  was 
determined  from  the  deflection  produced  in  the  needle  of  the  electro- 
meter itself  when  the  electrodes  of  a  Latimer  Clark's  constant  cell 
attached  to  the  electrometer  quadrants  were  reversed.  In  reality 
throQ  such  cells  in  succession  were  used  in  order  to  detect  any  irregu- 
larity in  the  cells  themselves.  The  Leyden  jar  was  first  rather  highly 
charged,  and  then  left  with  the  replenisher  untouched  for  some  days 
until  the  loss  of  charge  from  day  to  day  became  imperceptible.  The 
readings  obtained  with  each  of  the  three  Clark's  cells  were  then  accu- 
rately taken,  when  one  of  them  being  left  on  the  electrometer  elec- 
trodes the  Leyden  jar  was  discharged  for  a  very  short  time  and  then 
insulated ;  the  soaking  out  of  the  residual  charge  was  now  measured 
by  taking  time-readings  of  the  increase  of  deflection  produced  by  the 
constant  cell.  To  allow  for  alteration  of  sero  of  tiie  electrometer 
ariiing  from  alterations  of  its  charge  frequent  reversals  of  the  cell 
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wfi'C  taken.  Aft«r  Home  m{iiat«s  the  right  nnd  left  readings  di 
the  reversal  of  the  cell  could  be  observed  on  the  ordinary  scaJi 
two  mt-lifs  away  from  the  electrometer;  but  at  the  commenccmenl^ 
the  insulation  after  discharge,  the  Boakin^  out  waa  far  too  rapid 
allow  of  numbers  on  the  scale  beiDg  read,  conseqacntlj-  the  followit 
dcvict!  wiiH  employed  to  allow  of  our  obtaining  the  early  part  of  ti 
carve  with  accuracy.  In  the  slit  of  the  lamp  were  two  croas-win 
an  iinuge  of  which  by  mcaua  of  the  mirror  in  tlie  electrometer  and  i 
an  auxiliary  leus  wan  formed  on  a  cylindor  13  centimH.  in  dtianuti 
and  IW  centims.  in  length,  revolved  fairly  rapidly  by  cioctmn 
ai-ouiid  a  horizontal  axis.  The  comparatively  rapid  motton  of  til 
imago  of  the  cross-wires  was  then  accnrately  followed  by  an  obsem 
who  with  u  pencil  dotted  ita  position  from  to  time  on  a  sheet  of  papf 
wrajipei!  round  the  revolving  cylinder.  On  unwrapping  the  p^M 
the  dols  Tiiiiilc  by  the  pencil  enabled  the  onrve  of  rise  of  potential  t 
be  drinvn  accurately  from  the  beginning  in  each  case. 

Li  llicsi-  cxporimenta  aa  the  jar  ia  insulated,  «,  ■—,   Ac.,  eqnij 

and  tliL'  solution  of  the  differential  equation  (1)  is 

i.'=A+Bt-«'  +  C*-»'-|-     .     .     . 

where  /),  -/,   &c.,  are  such    that  ^+^,  ^+'1,  &c.,  are  factore  of' 


L'rmine  ji,  ';,  ifec,  we  determine  tiio  constants  of 
m  (i).     Our  method  of  reduction  was  as  followa  :• 
7,  7  than  <;  and  so  on   in  equation'(2),  then,  afU 
'  time,  certain  of  the  exponents  became  unimportAall 
iulEcieOtly  great,  equation  (2)  reduces  iteelf  to 

«=A-|-Bf-«' 


invu  is  obtained  eEperimcntally  connecting  i;  and  t,  it  isa 
riiiiir  A,  H,  and  /J.  Thus  from  the  observations  given  ia 
>  I'iiliiiiLns  of  the  following  table,  corresponding  witli  OQS 
r.ii  i\|i('ri[iiciits  with  the  Xieyden  jar  (u  being  very* 
i!  In-  :i  curve),  —  was  determined  for  the  varions  timeB- 

!■  v:iln(s  of  V  and  —    for  the  same  times  being  used  Aa 

s  of  plaints  on  a  slicot  of  squared  paper,  we  found  thatfoF| 
liiiurs  iif  our  pi]wrtraent  the  points  lay,  with  very  ooi 
iinicy,  ill  a  straight  line  ;  and   hence  during  this  time  we  maj] 
i'i[i]iLiioii  (3)  to  correctly  represent  the  law  of  the  soaking oU 
.'sidual  charge.     These  plotted  poiiita  enabled  A  to  be  d«tttn 
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mined.  It  is  evident,  also,  that  the  values  of  log  (v— A)  and  t  when 
plotted  as  co-ordinates  of  points  give  a  straight  line  and  enable  B  and 
/^  to  be  determined.  We  fonnd  that  equation  (3)  for  the  particular 
experiment  in  question  became 


t;'=474-177-34€-0'«ww< 


(4), 


and  giving  values  to  <  we  have  calculated  column  3  in  the  following 
table.  Proceeding  in  precisely  the  same  way  with  the  remainders 
(v~~v')  given  in  column  4,  we  obtain  the  other  coefficients  and  ex- 
ponents in  the  equation  (2). 


Soaking  out  of  the  Residual  Charge  in  the  Lejden  Jar. 

June  16,  1876. 


Time  in 

Observed  yalue 

r'  calculAtod 

Differam* 

minutes. 

of  V. 

from  (4). 

(•-• 0- 

0 

0 

2967 

296-7 

0-5      .. 

82 

2967 

214-7 

1 

102 

296-8 

194-8 

2 

120 

296-9 

176-9 

4 

138 

297-1 

159-1 

7 

155 

297--4 

142-4 

10 

168 

297-8 

129-8 

20 

100 

298-8 

108-8 

40 

213 

301-1 

88-1 

80 

236 

305-4 

69-4 

150 

264 

312-8 

48-8 

250 

296 

322-8 

26-8 

350 

324 

332-1 

81 

500 

345 

345-0 

0 

700 

362 

360-1 

-1-9 

1,000 

398-4 

380-2 

1-8 

1,500 

404-5 

405-8 

1-3 

2,000 

423-9 

424-4 

0-5 

2,500 

437-9 

437-9 

0 

3,000 

447-6 

447-7 

0-1 

4.000 

4590 

4601 

11 

5,000 

465-4 

466-6 

1-2 

6,000 

469-5 

4701 

0-6 

7,0iJ0 

471-8 

471-9 

0-1 

8,000 

472  9 

472  6 

-0-3 

9,000 

473-6 

473-7 

01 

We  have  stated  above  tliat  we  slightly  corrected,  by  means  of  a 
curve,  the  values  of  t;  before  putting  them  in  column  2.     It  would 
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make  t!ie  present  paper  too  long  to  describe  in  fall  tbe  slightly  wai 
nnturu  of  the  actual  curves  connecting  v  and  t  obtained  in  onr  espei 
ments.  That  the  variationa  are  mainly  due  to  slight  finctaatious  ; 
the  torn ])o rat ure  of  the  room  ia  seen  from  onr  finding  a  diarnaJ  peric 
in  the  waves.  Indeed,  we  have  found  that  small  changes  of  temp 
rature  veiy  materially  affect  all  the  phenomena  with  which  we  de 
in  this  paper.  But  there  ia  aometbiBg  more  in  these  small  waves  tin 
can  be  explained  by  changes  of  temperature,  and  possibly  the  8oh 
tton  (2)  of  the  diSerential  equation  may  have  some  coefficients  whic 
ai'C  Nine  and  cosine  functions  of  the  iiaxo.  A  study  of  the  constwq 
on  Professor  Maxwell's  theory  ought  to  fell  wliether  1 


has  any  unreul  roots.  J 

In  the  same  way  as  that  above  described,  we  have  obtained  the  fl 

poncutiiils  of  * 

»^A  +  B.-"  +  C6-"+ (S 

the  fioliiHon  of  equation  (1)  when  v  is  kept  constant,  from  actni 
observations  of  the  curj'cnt  (lowing  into  a  condenser  from  a  battfl^ 
with  a  constant  electromotive  force.  Tho  curve  for  u,  just  likv  A 
curve  dcscrJbciI  above,  possesses  a  slight  waviness,  and  when  thill 
neglected  its  simple  logarithmic  nature  subsequently  to  a  ceitf 
period  of  time  is  very  striking.  M 

111  forniuf  pitpers  read  before  this  and  other  Societies  wo  haTflgin 
our  rtiisous  for  believing-  that  the  phenomena  of  polarisation  in  Ttd^ 
iiielcrs.  iiiuliT  llie  action  of  an  electromotive  force  insufficient  to  pn 
iIqio  dis]U]itivc  diseliarge   in  the  bquid,  that   is   rapid   and    visibl 
dooompiiriiiiou,  arc  of   exactly   the  same   nature  as   the  phenomeii 
exhil)jtcd  by  caiulonsera  having  glass  or  other  solid  dielecbics.     AM 
wo  lliiiik  that  it  our  analogies  fail  for  greater  electromotive  fbrcCBlj 
beciiiisc  vu|iiun;  of  a  solid  dielectric  introduces  inHtantanconsIyai 
ditlLTi'iit  I'oiiditions.     An   examination   of  the  following  rediutil 
which  we  <;ivc  as  a  sample  of  tho  observations  of  current  flowin^^ 
iiud  out.  of  a  voltameter  containing  ordinary  water  and  charged  y 
one  Minotto's  cell  (which  has  an  electromotive  force  less  than  i 
piyidufo  visible  decomposition),  will   show  that   there  if 
udhvri'iioe  to  tlio   logarithmic   law,  and  that  we   hero   add  i 
anuliiiry  to  those  wo  have  already  given   between   condensers  ' 
liquid  and  with  solid  dielectrics. 

Ill  (h.-  following  table  t  is  the  time,  in  minutes,  after  applying  < 
Minotto's  cell,  n  is  tho  current  flowing  throngh  tho  voltameter,! 
unit  of  II  beiiij;  0-371  microfarad  per  second  ;  t»'  is  the  current  oi  ' 
hitcd  fmiii  the  formula 
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which  we  have  obtained  from  the  general  solntion  (5)  of  the  diffe- 
rential equation  bj  a  method  explained  towards  the  oommencement  of 
this  paper. 

Charging  of  a  Voltameter,  consisting  of  Platinum  Plates  dipping  in 

ordinary  Water,  with  one  Minotto's  Cell. 

February  14,  1878. 


Time  in 

Obserred  yalue 

u'  calculated 

Difference 

minutes. 

of  «. 

from  (6). 

(—•O. 

4 

690 

587 

103 

10 

618 

537 

81 

20 

526 

479 

47 

:30 

455 

431 

14 

40 

398 

390 

8 

50 

355 

356 

-1 

60 

322 

827 

-5 

70 

297 

303 

-6 

80 

279 

283 

-4 

90 

265 

267 

-2 

100 

252 

253 

-1 

110 

240 

241 

-1 

120 

230 

231 

-1 

130 

223 

223 

0 

140 

216 

216 

0 

150 

211 

210 

1 

100 

205 

205 

0 

170 

201 

201 

0 

180 

198 

198 

0 

190 

195 

195 

0 

After  the  deflection  had  diminished  from  690  to  195  in  rather  more 
than  three  hours,  the  Minotto*s  cell  was  suddenly  removed,  and  the 
voltameter  discharged  through  the  galvanometer,  the  terminals  of 
which  at  the  same  moment  were  reversed,  so  that  the  deflections  for 
discharge  should  be  on  the  same  side  as  those  for  charging,  in  order 
to  somewhat  diminish  the  swinging  of  the  needle. 

The  general  differential  equation  (1)  when  applied  to  the  discharge 
curve  thus  obtained  by  experiment,  leads  to  the  solution — 

tt'=ir4+l58-5€-o^»^' (7), 

from  which  u'  given  in  the  third  column  of  the  following  table  has 
been  calculated. 


I 


orred  T«lue                           nted                    Diffemk^ 

ot..                                    ;7).                        (.-./). 

2440        ....              1        ....          120-6 

156-8 

2 

fi6-8 

91-4 

3 

13-S 

62-0 

2 

0-8 

37-8 

-1-5 

26-6 

-0-4 

20-6 

0-* 

16-4 

:    i 

0-1 

140 

1-  I 

—0-1 

13-0 

0-1 

TIio   reason   why  the    exponentials 
cunvnts  .iiid   time   when    charging 
CuiTonfs  iiiid  time  when  discharging 
jf  ,.  ... 

but  f 


1'ciiLRtgiiice  of  the  batti 
.iif;  the  rpsistance  of  the  " 


the  eqnat.ion    ooxmeutij 
■    from    those    conneotf " 
<  sltameter,  is  as  follows! 
fmometer,  connexioaa, 
ber  itself,  then — 


!■  \"  is  (lie  electromotive  force  of  the  liittery,  and  v  that  of  4 
iiii'ltr,  at  aTiy  time  t  during  the  charging — 


df 


df 


nliicli  \v!ipii  sulistituted  in  thegeneral  differential  equation,  enobleB 
iiitogrutioii    to    l>c   effected.       Bat  during   the  discharge   after  T 
.1  of  llii"  liaflorj-,  if  r  is  the  resistance  of  the  galvanometer,  | 
■.,  imt  excluding  that  of  the  voltameter  itself,  then- 


Ac. 

lerinently  the  constants  In  the  different 
;\|)on™tiaIs  in  the  eqtiations  of  onr  i  v 
iiided  by  this,  we  have  arranged  in 


1880.]      Strained  MateriaU  Leyden  Jars^  and  Voltameters.        419* 

and  r'  should  be  both  very  small,  so  that  the  exponentials  in  the  equa- 
tions both  of  the  charge  and  discharge  carves  should  be  the  same. 


When  a  beam  or  wire  is  suddenly  bent  or  twisted,  the  forces  pro- 
ducing the  strain  being  maintained  constant,  it  is  known  that  the 
strain  increases  with  the  time,  and  if  the  forces  suddenly  cease  to  act, 
that  the  strain  does  not  altogether  disappear  at  once,  but  diminishes 
gradually.  This  strain  w,  we  have  found  can,  like  differences  of 
potential  and  current,  be  most  easily  expressed  as  the  sum  of 
certain  exponentials  of  the  time.  There  are  other  analogies  with 
condensers.  Rapid  tremors  given  to  a  strained  body,  our  experi- 
ments show,  cause  it  to  attain  its  ultimate  state  more  rapidly; 
one  example  of  this  is  the  more  rapid  soaking  out  of  the  residual 
charge  in  a  Leyden  jar,  as  noticed  by  Dr.  Hopkinson;  our  curves 
connecting  w  and  t  for  strained  beams,  like  those  connecting  v  and 
/  in  condensers,  or  u  and  t  in  voltameters,  we  find  to  be  of  a 
slightly  wavy  nature,  and  to  be  all  similarly  affected  by  change  of 
temperature.  Like  several  other  experimenters,  we  have  found  that 
the  strain  in  a  body  at  any  time  depends  not  only  on  the  forces  acting 
upon  the  body  at  that  time,  but  also  on  all  the  forces  which  have 
acted  on  the  body  during  all  previous  time ;  so  that,  for  instance,  if 
a  beam  fixed  at  the  ends  has  been  loaded  negatively  for  some  time, 
if  this  load  bo  removed  and  a  positive  load  applied  and  soon  taken  off, 
the  beam  may  be  found  to  have  a  negative  deflection ;  or  again,  if  a 
current  be  sent  for  some  time  through  a  voltameter  in  one  direction, 
and  then  reversed  for  some  time,  and  finally  the  battery  removed,  the 
discharge  from  the  voltameter,  through  a  galvanometer,  will,  in  cer- 
tain cases,  first  be  found  opposite  to  the  latter  charging  current,  but 
subsequently  it  will  become  nought,  and  then  become  the  opposite  of 
the  first  charging  current,  this  experiment  being  best  seen  with 
electrolytes  having  a  certain  amount  of  rigidity.  Similar  phenomena 
are  also  evidenced  with  iron  under  magnetisation,  and  Dr.  Hopkinson's 
experiments  on  Leyden  jars  also  lead  to  similar  results. 

We  have  consequently,  while  investigating  the  results  we  have 
experimentally  obtained  during  the  last  few  years  with  strained  sub- 
8t<anccs,  been  led  to  construct  the  following  theory,  which  is  analogooa- 
with  that  of  the  late  Professor  Clerk  Maxwell  for  Leyden  jars. 

A  perfect  fluid  is  such  that  the  only  stress  which  can  exist  at  any 
■mall  interface  which  may  be  drawn  in  the  fluid  is  a  stress  normal  to 
the  interface,  and  hence  if  the  fluid  is  contained  between  two  parallel 
planes  which  have  a  motion  in  their  planes  relatively  to  one  another 
there  is  no  force  required  to  cause  this  motion,  or  to  maintain  it,  in 
the  case  of  a  perfect  fluid.  If  the  fluid  is  a  gas  or  a  vapour,  we  can 
calcalate  the  force  which  would  be  required  to  maintain  a  g^ven  relative 


420  Profs.  John  Pcit>-  and  W.  E.  Ayrton.         [May  S 

velocity  of  tlic  plates,  and  our  Btadcnts  have  obtained  experimental 
Konie  m.atcrinls  (not  yet  published)  for  the  calculation  of  sacti  fort 
wlien  tiio  flnid  is  water.  If  the  Quid  is  tar,  ur  a  mixtnre  of  tar  and  pito 
in  any  proportion,  or  even  if  it  is  the  more  solid  substance  pitch  i 
sealing-wax,  wc  find  that  althongli  the  viscoMity  is  almost  infimte 
greater  flian  in  the  case  of  wal«r,  etill  the  phenomena  exhibited  a 
exactly  the  same.  And  jnst  as  expcvimeuta  on  water  enable  ns  to  exi 
mine  best  some  phenomena  exhibited  by  viscons  subBtances,  so  expei 
ments  on  scaling- wax  enable  ns  to  make  the  best  examination  of  otb 
pUenom™..  , 

When  external  forces  suddenly  act  on  a  viscons  flnid  (and  wo  la^ 
that  all  Kiibstnuccs,  wliether  solid,  liquid,  or  gaseous,  come  andcof  ^ 
head  of  "  viscous  Quids,"),  tending  to  cause  strains  in  the  ro&teri&lp^ 
can  calculate  in  the  well-known  way  the  strains  and  stresaes. 
forces  do  not  alter,  and  if  the  shape  of  the  body  varies  very  little  « 
tin)c',  tile  sli'esses  do  not  alter,  but  the  Htrains  increase  occordin 

dt 

where  X  i.-i  the  stress  at  any  interface,  s  the  cori-eapondln^  • 
I  the  time,  and  r  a  constant.      Of  this  strain,  if  the  part  whl 
suddenly  produced,  and  which  is  suddenly  removable,  is_ 

X=l/, 
/.■  lieiiig  thi;  coi'llicioBt  usually  given  in  books  to  connect  thee 
sjiuiuling  .sIro.-.s  and  strain. 

Duiing  tlie  iucrease  of  strain,  mechanical  energy  is  being  o 
into  hciit,  tln-ou^h  the  agency  of  internal  friction  or  visoosi^  n 


I'i'tial  forces  are  not  kept  constant,  the  stresBes  Xi 
.>!  rains;  the  second  relation  given  above  remains  then 

X=r--(e-n. 

t  ;ind  last  relnfiona  constitute  our  hypotbefije;  Wo] 
by  analogy,  and  not  yet  by  experiment.  We  know  fl 
uiis  of  peiidulams,  &c,,  in  air,  this  law  holds,  and  asti 

i^  less  and  less,  the  law  is  found  to  bo  niore  and  ino 

\w  motion  of  steamships  it  is  usual  to  assume  the  law-J 


KST. 
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where  n  varies  from  2  to  2*28,  bat  as  motions  in  water  become  slower 
and  slower,  n  becomes  more  and  more  nearly  eqnal  to  nnitj.  In  the 
following  investigation,  we  assnme  that  the  rates  of  deformation  of  the 
materials,  after  the  first  instant,  are  so  slow,  that  n  always  equals 
unity.  Our  hypothesis  is  exactly  analogous  with  Ohm's  law  in 
electricity ;  and  just  as  Ohm's  law  has  only  been  proved  for  metallic 
conductors  of  electricity,  so  our  hypothesis  is  only  known  to  be  true 
for  gases  and  liquids.  All  the  analogies  which  we  have  observed 
cannot  be  discussed  in  this  short  paper,  but  they  are  such  that  we  are 
led  to  believe  that  if  our  hypothesis  proves  to  be  untrue  for  materials 
subjected  to  small  strains,  then  Ohm's  law  will  prove  untrue  for 
currents  of  electricity  in  bad  conductors.  It  will  be  seen  that  it  leads 
to  the  conclusion  that  just  as  there  are  no  perfect  insulators  of  elec- 
tricity, so  no  material,  however  rigid  it  may  appear  to  be  to  us,  can  for 
an  infinite  time  resist  the  effect  of  even  small  forces  tending  to  change 
its  form. 


Let  MNOP  be  a  large  prism  of  unit  square  section,  formed  of 
blocks  of  different  materials  of  lengths,  o^,  a^,  <&c.  Let  them  be  sub- 
jected to  shear  stress  by  the  action  of  tangential  force  v  distributed 
over  the  surface  MN,  and  an  equal  and  opposite  tangential  force 
distributed  over  the  parallel  plane  OP.  Let  the  compound  prism 
be  so  long  that  we  need  not  speak  of  the  terminal  couple  which  is 
required  to  produce  equihbrium.  Let/|,/g,  Ac.,  be  the  strains  exist- 
ing in  the  blocks  which  would  be  instantaneously  destroyed  if  the 
stress  disappeared,  so  that  if  the  shear  stresses  in  the  blocks  are  re- 
spectively Xj,  Xj,  Ac.,  then — 

Xi=i/i (8). 

-tLjI^^A'gyg,  Ac., 

where  ki,  k^  &c.,  are  the  moduli  of  elasticity  of  the  separate  blocks. 
The  distributed  external  force  acting  on  either  of  the  upper  or  lower 
sides  of  the  block  being  of  course  a^Xi. 

If  the  velocity  of  OP  with  regard  to  MN  is  w,  then  u  is  the  rate  at 
which  each  block  is  gaining  strain,  because  the  motion  of  OP  with 
regard  to  MN  is  the  measure  of  the  common  strain  which  exists  in 
all  the  blocks.     Consequently,  by  our  hypothesis  for  any  block,  we 


X, 
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vvlicrc  1*1  is  a,  constant  f  (culur  Uuck  i$ 

couijioswl.     Hence,  coi 


from  w)iicli  by  denoting  in  ly  an  inverse  opcratiiia 

Tlic  t/it.-il  diatribnted  force  v  me  eqnitl  to  ttie  snm  of 

foroea  fjX],  fl-,X.,,  Ac,  ao  that 

ail  ec|unlion  hctwecn  the  force  d  *d  ovoreitherof  tixe  poraUl 

pliuu^s,  imd  the  rate  of  motion  oi  p    nos  relatively  to  one  a 

If  atiy  iiiiiiilicr  of  blocks  are  lame  mat«ri!^),  or  if,   althoi 

imt  of  till'  fiiiiin'  material,  the  ratio  of  t  to  h  is  the  aame  in  them, 

it  in  evident  that  for  all  anch  here  will  only  bo  one  IDI 

term  <if  the  ithijve  equation.     Hi  i   there  are  it   different  v 

biiviiig  [liU'i'i'uiit  ratios  of  r  to  i,  we  '  the  geueral  equation 

Ill    tlio   pivcediiig    we   have  followed   ProfeBsor   Cleric   ' 
mcthiiil  uf  iiivi'sligating  the  charge  of  a  condenser,  and  the  c 
flowinir  iii("  it.  the  method  of  reasoning  from  oar  hypothesis  regi 
the  iii-liiiii  i)f  11  viscous  block  being  t   3  same  as  his  reasoning  £ 
Dhiii's  luw.     from  the  form  of  the  eq     tiou  it  is  evident  that  tlieo 

*   [I  "[■  ]iiii  M|  -   ',ic.,  andlet 

\'  n  |>r.'-i'iil  the  niim  of  producU  of  ni|,  «],  &v.,  >■  nt  a  time, 
■'■'n  „  „  r  ut  n  liijip,  but  oul;  tuch  at  iart 

i]ii-n  111.'  ilifl\riii[l:il  i>niiRlioti  is  eiidentlj  at  followo  :^ 


a  ut  onlj'  two  jubitaneM,  then  we  have 
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of  the  materials  is  indifferent,  so  that  if  there  are  several  blocks  of  the 
same  substance,  thej  may  be  subdivided,  or  united  without  altering  the 
phenomena.  An  investigation  of  the  cases  in  which  the  materials  are 
arranged  otherwise  than  in  rectangular  blocks  of  unit  depth,  would 
lead  to  similar  results,  and  if  we  may  assume  our  hypothesis  to  be 
true  for  other  kinds  of  strain  than  shear,  then  the  above  equation  may 
be  proved  to  be  true  for  any  strain  of  any  heterogeneous  body  strained 
in  any  way. 

The  integration  of  the  general  differential  equation  (10),  where  v  is 

constant,   is,  putting  -—  for  u, 

at 

i<;=A  +  B/+C6-Y<-f  D€-*'+   .... 
where  7,  ^,  <fcc.,  are  roots  of  the  equation 

aj»  +  ^a5«-l+   ....  +^a;-^=0, 

and  when  t;  is  maintained  at  zero  during  recovery  after  removal  of 
the  load 

w?=Ai  +  Ci6-y'  +  Die-<'+  .... 

Of  course  if  complete  tables  of  the  values  of  u  and  v,  and  their 
differential  coefficients,  could  be  given  for  all  times  during  any  experi- 
ment, it  would  be  best  to  use  the  general  differential  equation  in  de- 
termining the  constants.  The  method  we  have  adopted  is  essentially 
the  same  as  that  we  have  employed  in  the  analogous  cases  for  Leyden 
jars,  voltameters,  &c.  The  wavy  natare  of  some  of  the  curves  we  have 
experimentally  obtained  connecting  strain  and  time  in  strained  beams, 
indicates  that  perhaps  the  equation  given  above  may  have  imaginary 
roots,  and  that  possibly  there  may  be  terms  in  our  solutions  of  the 
shape 

C  cos  bt  e"^^. 

Much,  however,  of  the  waviness  wo  have  observed,  we  have  traced  to 
variations  of  temperature,  as  it  generally  has  a  periodic  time  equal  to 
24  hours. 

Our  theory  for  strained  beams  and  twisted  wires  we  have  tested  to 
about  the  same  extent  as  Professor  Clerk  Maxwell's  theory  for  Leyden 

where  0  it  the  load  on  the  beam  or  couple  twisting  the  wire,  and  •  it  —  if  w  if  the 

deflection  of  the  beam  or  twUt  of  the  wire. 
If  r  is  constant  then  the  equation  becomes 

ffi  and  ^3  being  certain  functions  of  a,  1%  and  r,  and  the  solution  of  this  is 

Si 

2  H  2 
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j.irs  has  hpen  tested,  and  we  find  the  aamo  kind  of  confirmation. 
f.viiinple,  the  following  is  one  of  the  many  eiperimenU  we  tried  : — 

September,  1877. 

A  circnlitr  glass  rod  123  centima.  long,  0*832  centjni. 
diameter,  rested  on  two  knife  edges  117  centims.  apart,  aod  f 
loaded  with  a  weight  of  400  grms.  hung  at  its  centre.  Tho  dt 
flections  of  tho  rod  were  observed  by  a  ray  if  light  coming  from 
rigidly  fised  lamp,  falling  on  a  mirror  rotated  by  the  bending  of 
rod,  and  reflected  on  to  a  rigidly  fixed  vertical  scale.  To  prersi 
errors  arising  from  slight  alterations  of  the  position  of  the  flame, 
wasalwnys  fociissed  so  that  the  imftgo  of  two  crosa-wires  6xed 
lanip  slit  and  formed  by  a  filed  Ions  always  occupied  the  same  poaitio] 
when  not  reflected  by  the  mirror  attached  to  the  deflected  rod,  and 
waa  the  position  of  tliis  image,  after  being  reflected  by  this  mim 
which  was  observed  on  the  vertical  scale.  After  the  beam  bad  btt 
loaded  for  145'55  hoars,  observations  of  the  iucreaBing  deflection  b«B] 
tafcoii  all  tho  time,  the  load  wa.'i  removed.  For  several  hoars  after  ll 
l()ad  had  been  removed,  tho  actnal  observations  themselvea  need) 
very  little  correction  by  drawing  a  curve,  afterwards  the  slight  wh 
ness  of  the  true  carve  due  to  changes  of  temperature  had  to  be  eltd 
nated.  In  the  several  tables  of  observations  of  loaded  and  reliafl 
iK'ania  (each  experiment  lasting  two  or  three  weeks),  wo  have  gm 
the  temperntnro  of  the  room  at  the  time  of  making  the  observation. 

By  the  nirthod  of  redncf  ion  adopted,  we  find  that  during  tho 
i)f  tlie  rud  from  t  equal  20,  tot  equal  :240  (1  =  1''25  hours)  the 
uhnost  purely  logarithmic,  and  we  find  by  calcaiation  that 

»5i=10'6-V224-79s-<'"-^', 
!ind  (he  ri)lunin  of  valnoB  of  (iv-Jo^),  in  the  following  table  fihowsfl 
llii-i  (■\|>ression   satisfies   the  observations,   very  accurately  for  a 
loni;  periiid,  namely,  220  on  our  scale  of  time,  or  275  honrs. 
Iliesf  nuinbc!-:;,  we  have  calculated  w,,  the  next  term  in  the  solntion  ^ 
the  liilli  rcnliiil  equation,  and  find  that 

«';= 138- 7.-^*1"', 
so  lliiit  tlie  l.ist  column  of  tho  table  shows  the  inaccuracy  of  the  I 
sumptioii- 

t.'=100  +  22-l79E-flfl'SM(  + 1387,-0-3126;^ 

nil  iiiai'cdnn'y  \\hich  is  of  very  little  importance  from 

i=2-4to(=2-40, 
;itm1  evi-u  this  inaccuracy  we  have  found  is  to  some  extent  dao  i 
fii'ttluit  (ho  temperatnreof  the  room  was  steadily  falling  at  thai -J 
\h-.m  -ir/V.  to  21°  C. 
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BecoYery  of  the  Olass  Beam  after  being  loaded  for  145*55  hoars  with 

400  grms. 


Time  (1-1-25  houn) 

raokoned  from 

ObterredTalos  of  w. 

rcmoral  of  load. 

Oloadon  . 

, . . .       6476-0 

load  off  . 

•  •   •  •                   •  •  •  • 

0005 

600 

0-4 

411-3 

1-4 

340-8 

2-i 

800-6 

S-4 

275-6 

4-4 

278-6 

5-4 

246-3 

6-4 

2371 

8-0 

224-6 

100 

214-2 

120 

206-9 

140 

200-6 

16 

1950 

18 

189-8 

20 

184-5 

30 

162-8 

40 

145-8 

60 

131-0 

60 

116  3 

70 

103-2 

80 

91-5 

90 

81-2 

100 

72-3 

110 

64-7 

120 

58-0 

130 

62-5 

140 

47-7 

150 

43-3 

160 

89-3 

170 

85-8 

180 

32  7 

190 

29-8 

200 

27-3 

210 

25-1 

220 

23-2 

230 

21-6 

240 

20-0 

«— »1. 


«  — f9|~«|. 


177-0 

109-4 

71-9 

49-9 

85-6 

261 

19-7 

11-4 

6-2 

3-9 

2-5 

17 

1-2 

0-4 

-0-2 

0-8 

2-8 

'2-4 

1-9 

0-2 

0-6 

0-2 

01 

00 

0-2 

0-5 

0-5 

0-4 

0-4 

0-3 

0-0 

-01 

-0  3 

-0-4 

-0-4 

-0-4 


154*4 

19-9 

6-5 

1*9 

0*5 

0-4 

0-9 

0-0 

01 

0-6 

'    0*8 

0*8 

0-7 

01 

-0*2 

0-8 

2-8 

2*4 

1-9 

0-2 

0*6 

02 

01 

00 

0-2 

0-5 

0*5 

0-4 

0-4 

03 

0-0 

-01 

-0-3 

-0-4 

-0*4 

-0*4 
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Tlicre  cannot  be  ninch  doubt  of  the  fact,  tbat  electric  iuductio 
llirou(^h  iliclcctrica,  and  magnetisation  of  iron,  are  really  phenomena  i 
stress  and  strain,  and  it  is  probable  that  the  correctness  of  Ohm's  Ik 
wlien  applied  to  dielectrics  is  dependent  on  the  theory  of  contiooQ 
Gtritin,  whicli  we  h&ve  just  given,  and  vrhich  we  are  attempting  1 
prove.  In  addition  to  experiments  such  as  we  have  described,  ■^ 
liavc  been  making  others  to  find  whether  beams  which  are  kept  ud 
state  of  Rtrain  rise  in  temperature  through  internal  friction,  wHci  1 
of  coufse  nnalugona  with  electric  resistance,  and  in  addition  to  4i 
whether  a  soft  steel  magnet  acted  upon  by  a  constant  cnrrent  a]f 
rises  in  temperature ;  but  hitherto  these  heating  effects,  if  they  wyig 
huve  been  too  small  for  our  instruments  to  detect.  In  speakiaff  { 
beams  v.f  refer  especially  to  glass  beams ;  a  beam  of  sealing-wax  trod 
proljiihly  under  the  same  circumstances  perceptibly  risf 


As  a  furtticr  example  of  the  reductions  which  we  are  describi 
tliis  piipi'r,  we  give  a  table  of  observed  and  calculated  valaes  of  ( 
diminishing  deflection  of  a  glass  fibre,  which  had  been  twisted  forsomi 
[lays,  and  then  released.  The  fihre  was  86  ceutima.  long,  of  aniMI 
diameter  of  0034  centim.  suspended  vertically,  so  that  its  upper  oau 
eonld  lint,  turn  in  the  suppoi-t,  and  carrying  a  weight  of  211'6  gnat 
Attiiulu'd  ([)  this  weight  was  a  vane  dipping  into  water  to  diminish  tlu 
nipiility  of  the  swings,  , 

Tlie  untwisting  of  the  vertical  glass  wire  was  observed  hy  tha  H 
fl(vti..n  of  iii-^iy  of  light,  coming  from  a  fixed  lamp,  by  a  mirror  rigiffl 
iittatrlii'd  (i)  tlie  wire  at  its  lower  extreniity.  The  spot  of  light,  S 
rather  flie  iiii;i'.;e  of  the  cross- wires  in  the  lamp  slit,  moved  ovfltl 
lioi'i/.ontiil  semicircular  scale  gradaat«d  in  millimetres,  and  one  metn 
ill  radius,  witli  the  mirror  turning  at  its  centre.  . 
siidilar  to  1li:it  i>m]iloycd  in  our  deflected  beam  experiments  i 
in  '•\-y[:\U'  frrnrs  arising  from  diflerence  of  position  of  the  Same  of  d 
l;im[i  cm  dill'erciit  days. 

Till'  iriln-or  jiiid  the  weight  having  been  kept  twisted  tbronghl 
I'iv'lil  ;in!rU'  for  ivlxint  a  week,  the  deflecting  couple  was  suddenly  tt 
niuvid,  .'iiid  time  readings  of  the  diminishing  deflections  taken.  As  k 
lii'^t  tlic  dcllirtiou  diminished  with  considerable  rapidity,  and  sail 
addition  till'  spot  of  light  described  a  series  of  oscillations  abont  U« 
varyini;  niraii  position,  the  system  of  registration  we  employed  was  ai 
follows  :— The  ]iosition  of  the  spot  of  light  on  the  scale  at  the  end  Q 
(verv  swini,'  was  obsei-ved  as  acetirately  as  possible,  and  the  t 
lorJed  i)y  simultaneously  pressing  down  the  key  of  a  "  break  « 
chronogriiph.''     From  these  saooessive  time  observations  of  tha  (I 


1 

nghl 
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about  a  yarying  mean  position,  the  true  curve  was  drawn  in  accordance 
with  a  method  mathematicallj  developed  hj  us.* 

The  reduction  of  this  curve  by  the  method  previously  explained 
leads  to  the  equation 

Wi=72-8+35-55€-o-oww 

where  tc^  is  the  deflection,  and  t  the  time  from  the  moment  of  remov* 
ing  the  deflecting  couple,  the  unit  of  t  being  20  seconds.  Several  of 
the  earlier  observations  have  been  omitted  in  the  following  table,  as  it 
is  not  until  after  40  seconds  that  the  above  equation  represents  ac- 
curately the  torsional  strain.  From  this  time,  however,  until  the  end 
of  the  experiment,  the  equation  is  very  accurate. 


Recovery  of  Glass  Wire  previously  subjected  to  Torsional  Strain. 

November  16,  1876. 

Time  from  mo- 

ment of  remoring 

Obferred                   f9|  calculated                 Diiferenoe 

deflaoUng  couple. 

deflection  IP.                from  formula.                  (w— f9|). 

07 

143-5 

107-0        ....           36-5 

10 

131-5 

106-4        ....           251 

1-5 

118-4 

105-4        ....           13-0 

2 

110-4 

104-5        ....             5-9 

3 

102-9 

102-8        ....             0-1 

4 

100-4 

1011        ....             0-3 

5 

98-7 

99-5        ....         -0-8 

6 

97-2 

981        ....         -0-9 

7 

96-0 

967        ....         -0-7 

8 

95-0 

95-4        ....         -0-4 

9 

94-0 

941        ....         -01 

10 

92-9 

92-9        ....             OH) 

11 

91-9 

91-8        ....             0-1 

12 

90-8 

90-8        ....             0-0 

13 

89-9 

89-8        ....             0-1 

14 

88-8 

88-8        ....             00 

16 

88-0 

880        ....             0-0 

16 

87-1 

871        ....             0-0 

17 

86-3 

86-3        ....             0-0 

18 

85-6 

85-6        ....         -01 

19 

84-9 

84-9        0-0 

20 

84-3 

8-4-2        ....             0-1 

21 

83-6 

83-6        ....             0-0 

22 

82-9 

830        ....          -0-1 

23 

82-2 

82-4        ....          -0-2 

24 

81-9 

81-9        ....             00 

•  **  Journal  Soc.  of  Telegraph  BngiDeen,"  roL  t,  1877,  p.  391. 
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As  a  farther  eia-mple  of  the  reduction  by  onr  method  of  th«  Rftn] 
of  ol  r  it  on  eg  V(j  five  Ubles  of  esp«triiiientfl  made  with  a  iqMHai 
f    m  of    oltameter  devised  so  as  f-o  enable  experiments  to   be  nuu 

tl  a  gas  free  1  i  qn  d  or  a  Hquid  more  or  lees  eaturated  with  ai 
pnrt  cal  r  gas  a  i  w  th  the  platiiimn  plates  previously  free  from  ga 
or  11  do  to  OLclnde  any  spec  al  gas.  The  voltamoter  itself  was  som 
th  ng  1  ke  tl      upper  part  of  a  Geissler's  mercury  pomp  ;  that  is,  V 

10  ng  a  cu!  nin  of  mer  nry  tlie  electrolyte  could  be  lowered  fpoi 
tl  e  plat  um  plates  leav  ng  them  in  a  vacuous  space.  The  eleotroly^ 
of  c  urse  commenced  to  ho  1  and  to  rapidly  free  itself  from  g»A.  fl 
a  al  e  th  s  gis  was  allowed  to  escape,  on  again  raising  the  menH 
c  lumn  and  tl  c  1  qu  d  above  it.  This  operation  being  repeated 
n  mb  r  of  t  mc  the  1  qu  d  being  left  for  a  considerable  pctiod  ana 
tl  acu  us  space  towards  the  end  of  the  operation,  a  large  portion  ( 
tl      gas        t)  c  1  4U  d  could  be  removed.     In  order  to  reiaove  the  gi 

0  ludcd  u  tl  plat  nu  us  they  were  not,  as  is  usual  in  vottamateB 
n  d  tl  o  f  of  plates  but  each  was  a  platiDum  spiral,  the  tir 
c    I    of     1     ]    I  utru  led  to  tLe  outside  of  the  voltameter.     By  meafl 

I     a      II  G  o  e  s  Imtt^ry  each  of  these  spirals  could  be  made  red  be 

I  uuu  sj  ace  produc  d  wheu  the  electrolyte  was  loweredf  AU 
tl  u  1  Itam  t  r  was  obta  ned  with  gas-freed  platinums  in  a  gu 
f  d  1  qu  1  o  by  subseqae  tly  bubbling  throagh  a  stream  of  »  pi^ 
t  cular  ^%s  w  tl  plat  numa  in  a  liquid,  with  more  or  leas  at  i 
tl  ut  ga    occind    I 

As  tb  B    pi  tuium  sp  rals  preseuted  bat  a  small  surface,  and  a 
\  cr    u    essa    1     some  I  ttle  d  stance  apart,  the  currents  chargia|>  tt 
d    cl  xry     ^  ■i     la  volta  neter,  when  only  one  Minotto'a  cell   was  «)■ 
}  loye  1  r-  th  r  small   so  that  it  was  necessary  to  employ  a   faith 

I  I  cat  H  t  ^  galvanon  Dt«r.  From  the  first  elongation  ot  tk 
|)i        f  1     I  t  o        bar^  ng   or  discharging   ihe   voitometer,   we   oonlf 

I     I         1  tegiul  of  the  current  iu  the  first  half  swing  o£  ih> 

II  d  tl         ba  qutjit  tmie  readings  of  the  diminishing  defleotiM 
e      tsr    I         I  1  y  an  exper  enced  observer,  dotting  with  a  pencil  ij 

tit,  1  or  iont  1  jl  dem  olviug  uniformly  (referred  to  at  tho  Min 
n  t  of     1  o  paper)  the  limits  of  the  ejicursious  of  tho  qiotfl 

1  '  1  c  a  0  sw  UpS  about  the  varying  mean  positiou,  Uu 
I  f  1  I  as  subsequently  drawn  in  by  our  method  alre^i 
r  t      e  I  lo 

1  tl  I  II  V  L,  table  u  s  tho  observed  current  flowing  into  (b 
v  1  r  to    1      ^     t  at  the  time  I,  from  the  moment  of  applying' cm 

\[    u  II       1        oltameter  contained  distilled   water  well  tneC 

S  1  tl     plat    um  spirals  wore  kept  red  hot  for  some  timBfi 

11  A  US  h[  I,  bifon.  mmcrsion  is  the  liquid.  Tbe  solatiouof  ti^ 
„     1. 1 1  1  Cft.rLut  aL  equat  on  leads  to 

«.=86-2+857.-0''x»*", 


OI    ftp^ 

t  i^mm 

dMtJ 
ginrid 
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which  from  the  following  table,  it  will  be  seen  accurately  repretenta  the 
charging  current  from  t  eqnal  7  to  ^  equal  25.  After  the  current  had 
flowed  into  the  voltameter  for  I  hour  and  7\  minutes,  the  cell  was  re- 
moved, and  the  voltameter  discharged  through  the  galvanometer,  the 
connexions  of  which  were  simultaneouslj  reversed,  so  that  the  dis* 
charge  deflection  might  be  on  the  same  side  as  the  charge  deflection, 
and  therefore  less  swinging  about  of  the  needle  produced  at  the  moment 
of  discharge.  In  the  second  of  the  following  tables  u  is  the  discharge 
current  at  a  time  i  from  the  commencement  of  the  discharge,  and  u'  is 
calculated  from  the  equation 

ii'=30-906-o-owsi^ 

which  accurately  represents  the  discharge  current  from  t  equal  5  to  < 
equal  25.  The  two  exponents  in  the  solutions  of  the  differential  equation 
for  the  current  flowing  in  during  chaise,  and  the  current  flowing  out 
during  discharge,  are 

-006245^ and  -0-0558<, 

which,  considering  that  the  resistance  of  the  galvanometer,  battery, 
and  connexions  could  not  be  neglected  in  comparison  with  that  of  the 
voltameter  itself,  are  remarkably  nearly  equal  to  one  another,  being 
both — 0'06^  to  two  places  of  decimals. 

When  it  was  desired  to  measure  the  time  integral  of  the  discharge 
current  during  the  first  half  swing  of  the  galvanometer  needle,  rather 
than  the  deflections,  a  short  time  after  the  commencement  of  the  dis* 
charge  the  galvanometer  was  short  circuited  for  a  sufficient  length  of 
time  before  the  Minotto's  cell  waa  removed  for  the  needle  to  come  to 
rest  at  lero. 


Charging  with  one  Minotto's  Cell  of  a  Voltameter  containing 
tilled  Water  well  freed  from  Gbis,  and  the  Platinum  Spirab  heated 
red  hot  in  vacuo. 


Time  in 
minutet. 

1-5 

2 

3 

4 


* . .  • 


* . .  • 


5 
6 

7 
8 
9 


• .  *  • 


Angnst,  187C. 

Obwrred 

•'cmlcu]»t«d  from 

Differene* 

current «. 

tb«  formula. 

(«-«0. 

200 

164-2 

35-8 

187-4 

161-9 

25-6 

1737 

157-8 

16-4 

163-9 

153-1 

10-8 

1560 

148-9 

71 

149-3 

1451 

4-2 

143  5 

141-6 

1-9 

138-8 

138-2 

0-6 

134-9 

1360 

-11 

131-/ 



-0-41 

1290 

29-3 

-0-3 

126-5 

26-7 

-o-a 

1240 

24-3 

-0-3 

1217 

21-9 

-03 

1197 

19-8        ... 

-0-1 

117-8 

17-8 

0-0 

115-9 

15-9 

0^1 

111  0 

14-0 

0-0. 

112-4 

J 12-4 

-0-1 

110-7 

110-8        . . . 

-0-1 

109-2 

09-3 

-0-1 

107-8 

07-9 

-0-1 

106-5 

106-6 

-m. 

105-3 

05-3 

0^ 

104-2 

101 2 

0-0, 

■  of  the  same  Voltameter  a      ■  being  charged  Kith  i 
Jliuotto's  Cell  for  1  hour  i    d 


Dlff« 


Ill,-  inoment 

Observed 

«'  CB    ilsltd  from 

iwliuryiii!;.                       currBot  «, 

fonmila. 

OLffore  discharge  286-0 

UJ  iii'tfr  liischarge  79-5 

301 

1               ....            60'8 

29'2 

2 

41-0 

277 

;i 

32-8 

26'2 

4 

28'0 

24-8 

247 

23-4 

li 

22-5 

22-2 

7 

20-5 

21-0 

» 

l'J-4 

19-9 

;i 

18-2 

IH'8 

n 

17-0 

i;-8 

1 

16-6 

Hi8 

•J 

15'9 

159 

:t 

151 

151 

!■ 

14-3 

14-3 

13-5 

135 

(1 

12-8 

12'8 

121 

121 

s 

11-4 

11'4 

is-* 

31-6 
13-3 
S«i 

sa; 

o« 
-0-S 

-o-s 
-»« 
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•  •  •  • 


•  •  •  • 


Time  in  minutes 

from  the  moment 

of  discharging. 

19 

20 

21 

22 

23 

24 

25 


If  the  platinums  after  absorbing  gas  were  merely  kept  for  a  long 
time  in  the  vacuous  space  above  the  distilled  water,  but  not  heated  to 
assist  the  driving  out  of  the  gas,  then  afler  raising  the  water  to  sur- 
round the  wires,  the  charge  current  as  observed  on  applying  the 
Minotto's  cell  is  given  under  u  in  the  following  table ;  while  u'  is  cal- 
culated  from 

t*'=96-3+79-43e-«^, 

which  is  the  solution  of  the  differential  equation,  and  which  represents 
the  charging  phenomena  almost  from  the  moment  of  applying  the 
Minotto's  cell. 


Ohseired 

s'  calculated  from 

Diiference 

current «. 

the  formula. 

(•-•0. 

10-8 

10-8 

•  •  ■  < 

00 

10-2 

10-2 

•  •  •  < 

00 

97 

97 

00 

9-2 

9-2 

00 

87 

87 

00 

8-2 

8-2    . 

00 

7-8 

7-8 

00 

1                  1        M                        « 

Charging ;  Oas-frecd  Distilled  Water,  Platinum  Spirals  not  heated. 


August, 

1876. 

Time  in 

Ohserred 

\ 

k'  emlculkted  from 

Differenee 

minutes. 

current «. 

the  fonnula. 

(— o. 

0-5 

1650 

153-9 

Ill 

1 

138-5 

1381 

0-4 

2 

1180 

118-3 

-0-3 

8 

107-5 

107-9 

-0-4 

4 

102-4 

102-4 

00 

5 

99-5 

99-5 

00 

6 

98-0 

98-0 

00 

7 

97-2 

97-2 

00 

8 

9G-7 

96-7 

00 

9 

9G-5 

96-5 

0-0 

When  the  distilled  water  and  the  platinum  spirals  were  throughly 
aerated,  the  charging  current  measured  experimentally  is  shown  under 
«  in  the  following  table  ;  while  u^  is  calculated  from 

m' =40-25 +101-25€-<W^ 
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vpc'l  hr,  worked  ont,  either  in  the  skull  or  in  any  other  part  of  tl 

ovfranisation. 

Tbut  which  calls  for  it  here  is  the  great  and  nnlooked-fer  4) 
mnrpliism  of  the  Bpeciea  ;  I  may  explain  this  by  saying  that  the  dl 
in  really  important  modificationa,  differs  more  in  the  species  of  « 
of  the  gonora  than  it  does  in  the  orders  of  some  of  the  clasees.  Ai 
instance,  it  would  be  no  easy  thing  to  find  a,  malacopterous  fish  difl^ 
from  iin  acanthoptefoua  type,  in  deep-seated  essential  matters,  so  ml 
tis  the  common  toad,  does  from  the  other  native  speciea,  via.,  the  Nat 
jiich ;  and  tile  common  frog  haa  only  about  half  ae  many  ciq 
elements  ns  the  bull-frog  of  North  America.  J 

If  the  metamorphosis  of  a  single  species  be  worked  ont  cxhanBtilj 
it  gives  a  i-ange  of  strnctnral  characters  which  rises  up  from  ftltt 
creature  on  the  level  of  the  lamprey,  to  a  reptilian  form,  nalJ 
below  the  Clielonia,  and  evidently  related  (obliquely,  not  genetioii 
to  (hat  "  order." 

Miirenver,   whilst   the   " opiathoglossa "    have  larv»  with   SHOtOI 
moullis,  nnd  a  quasi. petromyzine  fitrncturo  altogether,  the  larrn  oTl 
"  aglossii  "  need  only  to  ba  arrested  as   larvas,  and  to  acqatro  a  da) 
bony  nrrnatare  to  be  very  close  coanterparts  of  the  most  hitarra  fl 
of  the  ganoids  of  tlie  "old  red  sandstone,"  sncb  as  JPleriei 

The  BatrfLchia  show  some  remarkable  things  in  their  metamoni 
both  !is  to  the  she  their  larvie  obtain,  and  the  time  during  iffl 
metani.ji'phosis  is  taking  place. 

In  till'  bull-frog  {Jiana  pipiem)  the  larvtB  attain  the  length  of  fl 
5  iiielu's.  and  take  two  or  three  years  for  their  transformatioiii  J 
nmy  bi-  hindered  in  (hi,'*,  and  be  made  to  take  twice  that  ti 
lliesc  llip  hirvR!  bear  a  moderate  relation,  as  to  size,  to  tha  g 
fiirrn.  wliirli  may  be  7  inches  long,  although  tail-less. 

liut  in  a  frog  from  the  neotropical  region  {PgeiiiiU)  scarcely  laq 
than  fur  native  form,  the  tadpole  attain.s  the  length  of  nearly  af* 
the  tail  arqiiiriiig  a  breadth  of  4  inches. 

As  /iiol.igisfs  well  know,  it  is  easy  to  procure  tadpoles  of  thisB] 
but  verv  liai'il  t->  get  an  adult.      I  am  of  opinion  that  tho  adult  q 
ditioii  !.■;  nut  iitlaincd  nntil  after  many  years  ;  and  it  suggests  ita 
tiie  that  tins  s|>i'rics  may  bo  the  not  remote  descendant  of  atypon 
did  not  liiii^li  Its  .uittni?  metamorphosis. 

On  (lie  .ithtT  lijind,  some  of  the  neotropical  forma  have  vary  ^ 
tailii'>li-^.  /.'"/:.  .-I.il'^.isiit,  a  large  load,  has  them  about  half  the  «" 
iliiiM'  iif  i>ur  fiiiiimoii  native  Batvachia,  and  the  uewly-metunorpl 
individuals  :iru  no  larger  than  a  house-fly, 

Itul  ill  /',/'</  iho  small  larvro  are  thoroughly  metamorphosed  in  M 
niiiliThal  dm-sal  pouches,  and  at  first  only  do  they  show  a  trace  (« 
only  a  trace)  of  branchial  tofts. 


_         / 
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witH  ope  Minotto's  Cell«  Distilled  Water,  and  Platinum 
thoronghl J  freed  from  Air  and  then  saturated  with  Hj- 

August,  1876. 


Charging 
Spirals, 
drogen. 

Time  in 
minutes. 

1-35 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 


The  equations,  therefore,  which  we  have  obtained,  as  solutions  of 
the  general  differential  equation,  to  represent  the  phenomena  of  eharg' 
ing  our  voltameter  with  one  Minotto's  cell,  when  the  distilled  water 
and  the  platinum  spirals  were  in  different  states  as  regards  the  gas 
absorbed  are : — 

I.  Distilled  water  freed  from  g^as,  platinum  spirals  left  for  some 
time  in  the  vacuum  above  the  water,  but  not  heated — 

i*'=96-3  +  79-43€-o^»«. 

II.  Distilled  water  freed  from  gas,  spirals  made  red  hot  in  vacuo— 

t*'=86'2  +  857€-^o«»*«'. 

III.  Distilled  water,  and  platinum  spirals  thoroughly  aerated — 

tt'=40-25  +  101-25€-o<»7/. 

IV.  Distilled  water,  and  platinum  spirals  thoroughly  freed  from 
air,  and  then  saturated  with  hydrogen — 

m'=120-38026-o^i«w 


Obserred 

«'  calcuUted  from 

Difference 

current «. 

the  formula. 

(—• 0- 

I960 

1521 

43-9 

170-5 

149-6 

20-9 

155-8 

146-1 

97 

1480 

143-0 

50 

142-5 

140-3 

2-2 

138-5 

137-9 

0-6 

135-5 

135-8 

-0-3 

133-5 

134-0 

-0-6 

►  132-2 

132-3 

-01 

130-9 

130-9 

0 

129-6 

129-6 

0 

128-5 

128-5 

0 

127  5 

127  5 

0 

126-6 

126-6 

0 

125-8 

125-8 

0 

125-1 

1251 

0 

124-5 

124  5 

0 

1200 

124-0 

0 

123-5 

123-5 

0 

1231 

123-1 

0 
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jicpi?  6c,  workfd  ont,  either  in  the  sknll  or  in  any  other  part  of  t 
oiwnnisation. 

Tlint  u'liieli  calls  for  it  here  is  the  gre&t  and  nnlookeii.ror  polj 
morphism  of  the  species  ;  I  may  explain  this  by  saying  that  the 
in  reiklly  important  modifications,  differs  more  in  the  species  of 
of  the  genera  than  it  does  in  the  orders  of  some  of  the  clnAsea.  ^ 
instance,  it  would  be  no  easy  thing  to  find  a  malaeopterona  fisbdifferiq 
from  nn  acanthopterous  typo,  in  deep-seated  essential  matters,  so  mut 
as  the  common  toad  <loes  from  the  other  nstive  species,  viz.,  the  Nnthi> 
jack ;  anfl  the  common  frog  has  only  about  half  as  many  cranid 
elements  as  the  bnll-frog  of  North  America. 

Tf  iho  metamorphosis  of  a  single  species  be  worked  ont  exhanrtiveljy 
it  gives  a  raiigo  of  strnctunil  characters  which  rises  up  from  a  hcnti 
creature  on  the  level  of  the  lamprey,  to  a  reptilian  form,  not 
below  the  Chelonia,  and  evidently  related  (obliquely,  not  gvneticaOj 
to  that  "  order." 

Moreover,  whilst  tho  "  opisthogiosBft "  have  larvro  with 
moufhs,  and  a  i}uaii-iietromipi)ie  strncture  altogether,  the  larvn  of' 
"  nglossa  "  need  only  to  be  arrested  ae  larva,  and  to  acquire  a  dn 
bony  aniiiilure  to  be  very  close  connterparts  of  the  most  biiarre  fondl 
of  the  j^'aiioids  of  the  "old  red  sandstone,"  such  as  Plerichthyt  Hi 
Co.-r..,l.:>-:'. 

Tho  Batracliia  show  some  remarkable  things  in  their  metamorplioriW 
both  lis  to  the  she  their  larvte  obtain,  and  the  time  during  whiflh- 
mctumorpbosis  is  taking  place. 

In  tlie  buU-fmg  (Eana  pipicnt)  the  larv»  attain  the  length  of  iboi 
h  inciies,  and  t;ike  two  or  three  years  for  their  transformation ;  tfa 
uiity  hi'  hindered  in  this,  ami  be  made  to  take  twice  that  timo, 
(liese  tin-  i.irvas  liear  a  moderate  relation,  as  t«  siie,  to  the  r 
form,  which  inny  be  7  inches  long,  although  tail-less. 

Unt  in  a  frog  from  the  neotropical  region  {P»eudU)  scarcely  Ic 
tlian  our  native  form,  the  tadpole  attains  the  length  of  nearly  nj 
Ihc  tail  iic<)uiniig  a  breadth  of  4  inches. 

As  /oi.ln^'ists  well  know,  it  is  easy  to  procure  Utdpoht  of  this 
hiiL  vri-v  hiinl  to  get  an  adult.     1   am  of  opinion  that  the  adult  M 
ill  I  inn  is  iiii(  ailiiiiied  until  after  many  years  ;  and  it  saggeste  itoeU 
rtic  thill  this  .■.|ici-ics  may  be  the  not  remote  descendant  of  a  typewhi 
did  nut  Hriisli  its  ■iitural  metamorphosis. 

Ou  the  other  hand,  some  of   the  neotropical  forms  have  very  no| 
tailjiiile-',      /';'/■.'  r7-i7cHRi>,  a  Urge  load,  has  them  about  half  the 
ihiisf  of  inii-  roiiunoii  native  Batrachia,  and  the  newly-motamor] 
iiidi\  Idiial.-.  iii'c  110  larger  than  a  house-fly. 

Hut  ill  J'^i"'  the  small  larvro  are  thoroughly  metamorphosed  in 
m:itciii;il  itnrs^il  pouchos,  and  at  first  only  do  they  show  a  trace  (i 
only  a  trace)  of  branchial  tufts. 


_      •/ 
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These  tadpoles,  which  never  see  the  light  as  such,  have  wide  moaths 
(not  suctorial),  and  so  also  have  the  tadpoles  of  the  other  waif  of  the 
sab-order  "  Aglossa,"  viz.,  Dactyleihra.  In  that  kind,  however,  the 
larvfld  become  large,  and  are  a  long  while  undergoing  their  transform 
mations,  which  take  place  in  the  water,  according  to  rule. 

In  the  skull  of  the  adults  much  variation  is  evidently  due  to  the 
different  size  to  which  the  species  attains ;  some,  as  the  bulUfrog,  are  as 
large  as  the  common  Greek  tortoise,  others  grow  scarcely  larger  than 
a  bluebottle  fly.  As  a  rule,  these  'small  kinds  show  two  kinds  of  modi- 
fication— they  are  apt  to  retain  certain  larval  characters,  and  they  are 
apt  to  acquire  generalized  characters,  such  as  do  not  normally  appear 
in  this  group,  which  is  very  remarkable  for  the  fewness  of  the  parts  or 
elements  composing  the  adult  skull. 

Some  of  the  large  forms,  as  Eana  pipiens,  have  many  investing 
bones  in  their  skull,  such  as  must  be  looked  for  again  in  archaic  and 
extinct  types,  whilst  others,  as  Ceratnphryft  and  Cahjpftycephalvs,  have 
a  cranial  armature  that  is  dense,  extended,  and  almost  *'  ganoid ; " 
this  kind  of  skull,  however,  is  found  in  middle-sized  types  also,  as  in 
Fddbates  and  Nototreina, 

In  the  terminal  suctorial  mouth  of  the  larva  of  the  Opisthoglossa, 
the  mandibular  pier,  and  its  free  **  ramus  **  are  carrie<l  to  the  front  of 
the  head.  After  transformation,  in  the  larger  kinds,  the  gape  is 
carried  behind  the  head,  as  in  the  crocodile ;  it  can  \ye  guessed  how 
much  modification  such  a  change  as  this  will  necessitate. 

But  it  is  evident  that  a  low  suctorial  fish,  such  as  the  tadpole  is, 
must  have  altogether  a  totally  diiTerent  kind  of  skull  and  skeleton  to 
that  of  an  active,  noisy,  intelligent,  more  or  less  terrestrial  reptile,  such 
as  the  frog  becomes. 

This  necessarily  great  change  involves  some  very  cnrions  and 
instructive  anachronisms,  so  to  speak,  in  the  appearance  of  various 
parts  and  organs. 

A  low  suctorial  fish  would  have  no  fenestra  ovalis  nor  stapes,  and  in 
the  tadpole  it  is  some  time  In^fon*  these  appear. 

The  low  (urodclous)  Ampliil)ia  have,  in  most  cases,  the  upper 
hyoid  element  suppressi^l,  sometimes  it  is  present,  serving  as  a  rudi- 
mentary "  rohimeUa  auriit.''* 

In  most  Batrachia  this  part  does  not  appear  until  after  transforma> 
tion,  and  in  some  kinds  not  at  all.  This  part  especially  shows  how 
the  individual  is  gradually  changed,  and  makes  it  clear  why  so  many 
variations  should  o<'cur  in  genem  and  even  species. 

I  have  arranged  the  forms,  whose  skulls  are  worked  out  zoolo* 
gically,  taking  in  the  results  of  my  earlier  observations,  already  pub- 
lished in  the  **  IMiilosophical  Transactions." 

These  now  amount  to  fcventy-five ;  four  of  these  have  already  been 
treated  oU  and  of  tlie  new  types  four  kinds  are  only  larval ;  neverthe. 
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less,  I  am  aMe,  nfter  many  years  of  labour,  to  give  an  aoccniiit  of 
the  iulaM  skull  in  seventy  kinds,  and  of  the  larval — ia  one  or  aeverai 
stajrcs— in  a  good  number  of  the  species. 

The  ilhisti-ationa  are,  for  the  most  purt,  pnt  in  a  similar  mftnnvr  in 
nil  the  pliitfs;  and,  as  to  the,  I  have  not  made  the  ekulls  of  tlie  dwftrf 
kinds  much  loss  than  those  of  the  large  types. 

I  nm  satisfied  that  these  fignrea  and  deecriptioria  will  he  fouod 
useful,  not  merely  for  comparison  of  the  types  of  larval  aiid  adnlt 
UntracliiaQ  skulls  one  with  another,  but  I  believe  that  they  will  throir 
li^ht  upon,  and  in  turn  be  illuminated  by,  all  that  we  can  learn  of 
tlie  structure  and  development  of  the  skuU  in  the  other  typM  of 
Vcrti'briila. 

With  rciTiird  to  the  geographical  liistribntion  of  the  Batrarliio,  thaiv 
nre  many  thincrs  of  importance  which  I  have  rather  hinted  at  than 
cxpressi'd  in  this  paper. 

Tlicru  is  a  nort  n^  fades  or  character  abont  the  allied  types  of  am* 
gi-<'at  ^D^-ritphica!  region  which  makes  me  satixGed  that  oevUi^pi 
e.'cti.'rnal    chiiriK-tors  repeat  themBelpes  agnin  and  again  in  diSen^ 

i.,ri...rti„.  .v,„.i,i.  J" 

Thus,  the  types  of  froga  that  have  dilated  toes  ara  evidently- mon 
nearly  i-el;itud  to  those  with  pointed  toes  of  the  same  region  tllSB' 
they  .iiv  i-vi'Ti  to  the  broad-toed  types  of  some  distant  region. 

I  should  be  inclined  to  derive  the  narrow-backed  tree  frogfl  ^ 
Austiali:!  t'rnni  tht-  sharp-toed  fiOErs  of  ihe  same  region  ;  the  same  with 
tliosi'  'i|'   Tmllii.   ;ind   the  same   with  those   of  the  nearctic   and   OKK 


n,p;„,l  !>., 


ivS'  f"'  Raaidffi")  of  India  have  many  things  in  c 

III'  true  frogs  of  North  Ararrica ;  the  same  may  bi 

it  frogs,  or  "  Cystignnthidm." 

lie,  tlif  Enropean  and  Indian  territories  yield  the  hi^l 

:ilia  anil  South  America  the  lowest  and  most  genemUa*^ 


■  !!,liiiinu  of  tlie  Urea  to  the  Totol  Nitrogeu  orthA 
II    hi.M.;.Po.     N.i.  I."     By  W.  J.  Russell,  Ph, 
and  Samuel  West,  M.IJ.  O.\on.     Received  May 

;ibli»  series  of  papers  upon  the  excretion  of  nren, 
I'ri  ifessor  Parkea  to  the  Royal  Society,  he  sliowei 
icr  cent,  of  the  nitrogen  in  the  uriuo,  was  eliminntod.  tb' 
ii'i'a.  It  Rcemed  to  us  of  considerable  interest  and  iBC# 
~.'i'r!:iin  whclbHr  in  disease  this  Htatement  still  held  gOQ^j 
[i.^    inileed  seemed  probable,    auder  altered  coudil 
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nitrogen  might  not  be  excreted  in  some  other  form.  With  the  view 
of  determining  this  point,  the  following  experiments  were  undertaken. 
The  cases  upon  which  the  observations  were  made  fall  into  two 
grroups — the  first,  a  series  taken  at  random  from  the  hospital,  the 
patients  suffering  from  various  diseases,  and  being  under  various  con- 
ditions as  regarded  diet,  muscular  exertion,  <fcc.  In  the  second  series, 
the  patients  were  healthy,  and  placed  under  conditions  as  far  as 
possible  constant,  the  amount  of  diet  being  fixed,  and  the  patients  at 
absolute  rest. 

The  quantitative  estimations  were  made  in  the  following  waj.  The 
nitrogen  in  the  urea  was  determined  hy  the  process  which  we  have 
previously  described,*  in  which  the  urea  is  decomposed  by  sodic  hypo- 
bromite,  and  the  volume  of  nitrogen  evolved  is  measured.  At  first, 
the  total  nitrogen  was  determined  by  the  soda-lime  process,  but  find- 
ing that  in  some  cases  this  method  was  untrustworthy,  we  abandoned 
it,  and  in  all  the  following  experiments  the  total  nitrogen  was  esti- 
mated by  burning  the  residue  with  oxide  of  copper,  and  measuring 
over  water  the  volume  of  nitrogen  obtained.  This  volume  was  of 
course  afterwards  corrected  for  temperature  and  pressure. 

In  most  cases,  5  cub.  centims.  of  the  urine  was  used.  This  was 
very  slightly  acidulated  by  adding  a  small  crystal  of  pure  oxalic  acid, 
and  evaporated  as  rapidly  as  possible  in  a  small  basin  on  a  water-bath, 
nearly  to  dryness.  The  residue  was  thoroughly  incorporated  with 
oxide  of  copper,  introduced  into  a  combustion  tube,  and  the  basin 
thoroughly  cleaned  with  fresh  portions  of  oxide. 

In  order  to  ascertain  whether  any  loss  of  ammonia  occurred  during 
the  evaporation,  control  experiments  were  made  by  adding,  without 
previous  evaporation,  a  second  sample  of  5  cub./^ntims.  of  the  urine 
to  oxide  of  copper  already  in  a  combustion  tube,  and  proceeding 
with  the  combustion  slowly,  but  in  the  ordinary  way.  The  same 
amount  of  nitrogen  was  obtained  by  both  processes. 

Although  the  determination  of  the  nitrogen  was  the  special  object  of 
our  research,  we  thought  it  well  in  each  case  to  complete  the  analysis 
by  determining  the  amount  of  solid  matter  in  solation,  and  from  it 
approximately  the  amount  of  organic  and  inorganic  matter,  as  well  aa 
the  amount  of  chlorine,  and  the  specific  gravity. 

To  determine  the  solid  matter  in  solution,  5  cab.  centims.  of  the 
filtered  urine  was  evaporated  to  dr}'nc8s  in  a  small  light  platinum  dish, 
and  heated  to  110 — 120**,  till  the  weight  remained  c<mstant.  The 
residue  varied  very  much  in  appearance,  sometimes  it  was  hard  and 
granular,  at  others  remaining  in  a  sticky  condition. 

The  residue  was  heated  to  dull  redness  over  a  lamp,  and  what 
remained  we  have  called  inorganic  residue.  It  was  found  in  some 
cases  impossible  to  completely  bum  away  all  carbonaceous  matter 
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without  raiRinfr  the  iemperatnro  to  such  a  pnint  that  chloride  of 
sodium  woulii  be  volatilised.  The  weight,  however,  nf  carbon  rviDuni 
ing  ill  fhesf!  cases  was  exceeclingly  small.  The  amonnt  of  chli 
the  urine  wnn  ttsi'ert&iiied  by  diasolring  this  residue  in  water,  aod 
iiddinp  a  staiidard  aolntion  of  silver  nitrate. 

Obviously,  these  latter  determinfttiona  are  not  of  the  sEtme  dogre6  o4' 
accuracy  as  are  those  of  the  nitrogen.  Still  they  strikingly  point  crat* 
the  vnriatioiiR  in  the  composition  of  these  urines,  and  give  imporUUift 
coTOpanililo  results. 

The  first  series  (Table  I),  consisting  of  twenty-three  obaerrationfl^ 
falls  into  fiovoriil  small  groups.  The  relation  of  the  urea-nitro^on  W' 
the  tiitnl  nitro<ron  was,  in  ail  cases,  calculated  ont  in  porc«atart 
amounts  (the  total  nitrofj^en  being  taken  as  100),  and  the  mean  ol 
each  group  of  observations  given. 

The  lirst  group  (Table  II)  consists  of  six  cases  of  pneumonia,  8 
in  these  the  urca-riitrogei)  represents  90  per  cent,  of  the  total  mtroges. 

Thf  sci'iiiid.  of  two  cases  of  jaundice,  with  two  determinationa 
cnvh.  'I'lic  mean  of  the  first  giving  857  per  cent. ;  of  the  eeconij,  90" 

The  third,  of  two  cases  of  ftlbnminuria,  in  which  the  mean  is  86 
cent.      Ill  those  oliaervations,  the  albumen  was  previously  precipiMsi 
and  rcniovcd.     In  a  third  ciLBe  the  determination  was  made  without 
viously  removing  the  albumen.   In  this  latter,  the  percentage  «■»  ^| 

The  fourth  gronp  consists  of  a  collection  of  ca-ses  of  various  Id 
One  of  pyipmiii,  one  of  typhoid  fever,  rhenmatie  fever,  acute  dj'VQnl 
lilourisy,  iie]iiUie  iibBecBa,  and  leu  cony  thffimia,  two  of   crysipelaa,  mat 
two  of  diiiliflcs,  making  eleven  in  all.     The  mean  percentage  of  tl 

The  lowest  percenfago  in  this  first  series  is  found  in  the  caae 
albutiiiiiuri.'i.  iind  of  jaundice,  a  fact  of  interest  as  bearing  npon 
phicv  of  production  of  nreft. 

The  secDiid  scries  consists  of  eighteen  determinations  made  It 

tliree  eiise-^.  in  winch  the  diet  was  fixed,  and  the  patient  in  a  coadll 

„r:il.-.,l„teir-.l  (rW  Table  III). 

'I'he.-e  Lfive  -.i  iiii;in  of  itO'l  per  cent.     The  mean  of  all  the  cnse 
the  twn  s,.|ies  is  H;i-a.  Or,  if  tlie  cases  of   albaminuria  and  jaundioof 
('\eluded.    111  ■:.    |ier  cent.,   and   this   agrees  almost  exactly   with   St 
results'  111'  I'riil'essor  Parkes'  experiments,  in  which  the  mean  Brrii""^^ 

If  a  eiileuhilinn  be  made  from  the  tables  given  in  books  of' 
nmouiilsiiF  the  urinary  constituents  in  a  normal  urine,  tbe  urea  is  {ai 
to  n'lueseTil  itlmiU  UG  per  cent,  of  the  total  nitrogen,  or  if  olloii 

•  li  i'  worilii  iif  iintp  tliflt  in  none  of  tbM*  tmaei  i>  the  prrpmtsgB  of  i 
^1  fnrf  lu  nlurli  tillfniiuii  liM  b«en  draws  in  «  preriotu  paptr.    "U«d.-OUh.j 
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be  made  for  the  nitrogen  contained  in  the  pigments  and  extractives, 
which  are  usually  not  specified,  the  real  percentage  would  be  some- 
what lower. 

We  may,  therefore,  assume  that  the  urea-nitrogen  may  be  taken  as 
the  measure  of  the  total  nitrogen,  and  that  this  may  bo  approximately 
determined  by  adding  10  per  cent,  to  the  amount  of  urea- nitrogen. 

This  is,  however,  only  true  if  the  mean  of  a  large  number  of 
observations  be  taken,  for  there  is  no  fixed  relation  between,  on  the 
one  hand,  the  amount  of  the  urine  and  the  amount  of  the  solids  in  it, 
or  on  the  other,  between  the  amount  of  the  various  solids  inter  se. 
These  all  vary  independently  in  great  measure  of  one  another,  and 
subject  to  no  law  which  is  at  present  determined,  and  stranger  still, 
the  relation  of  the  urea-nitrogen  to  the  total  nitrogen,  even  in  the  same 
urine  on  closely  consecutive  days,  is  not  constant,  as  the  following 
table  shows: — 


I. 

II. 

III. 

97-5 

•  . •               oo  *  U             •  •  • 

87-6 

00  0 

.  •  •               %/iJ    JL              •  •  • 

•  84-2 

91-5 

. .  •         86  '6        •  • . 

87-5 

•70  *0                •  •  • 

•    .   .                      k/M    *4                   •   •   •   . 

100  0 

91-5 

87-9 

82-3 

87-0 
82-0 

These  figures  are  taken  from  the  tables  (Table  III)  given  in  the 
second  series  of  cases,  and  the  variations  are  not  due  to  altered  con- 
ditions, for  the  patients  were  all  at  absolute  rest,  and  upon  a  constant 
diet.  If,  then,  such  variations  occur  when  the  conditions  are  constant, 
they  will  certainly  be  not  less  where  the  conditions  vary.* 

Such  variations  render  it  necessary  to  be  specially  cautious  in  draw- 
ing conclusions  from  the  results  of  a  few  experiments,  and  may  explain 
the  great  difPerence  in  the  observations  of  different  investigators. 

Besides  the  nitrogen,  we  determined,  as  we  have  already  stated,  the 
solid  residue,  the  ash,  and  the  chlorine.  Of  the  chlorine,  little  can  be 
said.  Its  variations  are  inexplicable,  for  although  they  in  part  depend 
upon  the  amount  of  chlorine  ingested  in  the  food,  they  seem  subject  to 
other  influences  which  we  do  not  at  present  comprehend. 

The  same  may  be  said  of  the  solid  residue,  and  of  the  ash,  and  we 
can  do  little  more  than  point  to  the  great  and  irregular  variations  in 
the  amount  of  each,  whicli  the  tables  show. 

The  result  then  of  our  observations  is  to  prove  that  the  chemistry  of 
the  urine  remains  essentially  tho  same  in  disease  as  in  health,  and  that 
the  generalisation  of  Professor  Parkes  is  true  in  either  case.     The  area 

*  Cf .  a  timiUr  series  of  obserrations  by  Dr.  Bjne  Power,  "  DubL  Joum.  of  Med. 
8c.,"  February,  1876. 
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mny  tUcveforo  bo  safely  i          li  ujtrogen. 
and  as  forming  00  per 

Koh: — An  eitception  tl  t  loana  m  ino  rare  cases  of 
acutu  j-flloiv  atrophy  ot  tbe  In  .n  these  ea^es  it  is  doabtfnl 
whethtT  till!  rfplacement  of  tl  tjj  ■ucin  and  tyrosin  is  &  non- 
slant  pIieTiomonon.  In  one  v  i  clinically  preBentod  the 
features  of  iiuute  atrophy  of  tl  Ir  in  which,  poti  mortem,  the 
liver  was  found  in  the  condition  atty  atrophy,  the  nrea  was 
.still  uormally  formed,  leaciu  i       .  1  ing  absent. 

Talile  II,— Slioiving  the  Percentage       X     a-Nitrogen  in  the  different 
Groups  of  < 

Pn<!Uinonia  (6  cases) 900 

Jaundice  (Case  1) 8S'7 

{Ciise2) 90-2 

Albuminuria  (2  cases) 86^ 

Collircted  cases M'S 

Dict.d  ciisi-s 90-1 

Mean  of  all 89-3 

Moan,  L'Sfluding  the  jaundice  uminnria  cases,  91 '8, 


1  till'  Aiinnint  of  Nitrogen  excreted  in  tlie  Urine  by 
(L  ,,t  Ki'st.  No.  II."  By  S;  JEL  West,  M.B.  Oxoo, 
I  W.  J.  Ku^SELL,  Ph.D.,  F.U.S.     Received  May  (J.  1880. 

iii'ihrjds  of  investigation  have  he  -n  adopted  in  inqniriee  of 
il,     Till'  lirst  by  stopping  the  iii(     tion  of  nitrogen,  either  lif 

ili|i[i\-iiiiou  of  food,  i.e.,  by  'ation,  or  by  the  giving'  oiE 

ii_-imiiis  looil.  The  second  by  n  acing  the  ordinary  diet  bD 
'-■I  jiii^^ilile  limit  compatible  witli  health.  To  the  first  objcti* 
1  |pf  iii;(dr  ihat  the  L'xperimeuts  i  .re  violent,  and  cannot  bo 
iit^i  iiu'l,  iiiid  that  they  subject  the  body  to  most  abnormal  coii< 

Siiili  violftn'e  to  the  ordinary  chemi.stry  of  the  body  produces 
ni'i'  in  till'  I'xcrt'tioDs.  The  nitrogen  in  the  nrino  under  tfaoM 
;nnfs  v:irviug-  even   more  irregularly  and  widely  than  audcr 

iiiiiliiloiis.  iiud  the  Hhort  possible  duration  of  the  ex perimeota 
_■  ilir  LMEiL'lusiona  di-awn,  from  the  small  number  of  observutawM*' 


■  olijections  the  second  course  of  in' 

111'  to  the  body,  and  the observatiooa 

•  ■•  Ptttlwl.  Sou.  Tr«u.,"  1S80. 
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ad  libitum.  And  here  two  courses  are  open,  both  of  which  lead  in  the 
same  direction,  though  starting  from  opposite  sides.  The  one  which 
consists  in  taking,  as  Plajfair  and  Edward  Smith  have  done,  the 
minimum  diets  upon  which  life  has  been  sustained,  and  estimating  in 
them  the  amount  of  nitrogen  present.  The  other  in  reducing  the  diet 
to  the  lowest  possible  limit  until  physiological  equilibrium  is  estab- 
lished, and  then  estimating  in  the  urine  the  amount  of  nitrogen  ex- 
creted.    It  is  this  latter  course  which  we  have  followed. 

The  three  cases  we  have  examined  were  patients  suffering  from  the 
same  affection,  viz.,  aneurism,  a  disease  which  produces  mechanical 
rather  than  constitutional  symptoms,  and  in  these  cases,  so  long  as  the 
treatment  was  carried  on,  produced  no  symptoms  at  all,  so  that  for 
lUl  practical  purposes  the  patients  may  be  regarded  as  healthy  men. 
They  were  all  placed  under  the  conditions  of  the  most  absolute  rest, 
not  being  allowed  to  sit  up  in  bed,  or  even  indeed  to  feed  themselves. 
Their  diet  was  then  reduced  till  it  was  found  that  the  health  was 
suffering,  and  then  increased  until  a  condition  was  reached,  which  may 
be  called  one  of  '*  clinical  equilibrium,*'  when  the  health  so  far  as  could 
be  determined  clinically  was  perfect. 

The  condition  of  clinical  equilibrium  being  reached,  the  amount  of 
nitrogen  in  the  food  was  determined  by  direct  analysis. 

In  two  of  the  cases  the  diet  consisted  of  ten  ounces  of  solids  and 
ten  ounces  of  liquids,  distributed  as  follows  : — 

Meat 4  ozs.  Water 4  oas. 

Bread 3   „  Wine 3   „ 


Potatoes 2   „  Tea 3 

Butter 1    „ 


i> 


10  ozs.  10  ozs. 


By  calculation  from  Park^*  tables,  this  should  yield  6*3  grms. 
uf  nitrogen.  Analysis  gave  a  somewhat  higher  number :  in  the  first 
determination  707,  and  in  the  second  695.    Cf .  Tables  IV  and  V. 

In  the  third  case  the  diet  was  8  ozs.  of  solids  and  8  ozs.  of  liquids, 
distributed  in  the  same  proportion.  This  by  calculation  from  the  pre- 
ceding analysis  should  give  about  5*0  grms.  of  nitrogen. 

The  analysis  uf  the  urine  was  made  in  the  way  described  in  the  pre- 
ceding pa{>er.     The  tables  give  the  result  of  17  determinations. 

Comparing  now  the  amount  of  nitrogen  ingested  in  the  food,  with 
the  amount  obtained  from  the  urine,  we  find  (Table  V)  ; — 


Case  1 

Nitrogen  ingested. 
70           

Nitrogen  in  urine. 
8*6 

„    II 

70        

....         o  o^ 

..    Ill 

5-6        

6-4 

t  that      I 
re  ob-       I 


UC>  Ut.  S.  West  and  Dr.  W.  J.  Russell.  [May 

In  all  tlio  coses  the  araoant  in  tbe  nriue  is  in  slight  escess  of 
in  the  footl,  so   that  we  may  fiiirly  refjard  ftll  the  nitrogen  liere 
tained  as  representing  tissue  waste,  for  there  was  no  BOrplna 
food  to  increase  the  amount  in  the  urine. 

We  obtain  as  the  mean  of  these  three  cases — --=7"8?,  orap|KWxi- 

raately  8  grms.,  which  we  therefore  are  justified  in  regarding  us 
the  miuinHiin  amount  of  nitrogen  a  healthy  adult  man  excretae  per 
diem.     Tliis  is  oqaivalent  to  17  grms.,  or  260  grains  of  urea. 

Tlie  weij,'-ht-s  of  the  patient*  could  not  of  course  bo  determined,  bnt 
the  first  two  weighed  it  is  supposed  about  140  lbs,,  the  third  aboat 
130  lbs.,  at  the  time  of  the  observations,  which  was  in  each  case 
after  the  dieting  had  lasted  already  three  or  four  weelta,  tbe  total 
durations  of  the  treatment  being  about  ten  weeks. 

It  is  int^Testing  to  c<inipare  with  these  observations  the  results  ob- 
tained by  tlio  other  methods  of  the  investigation  above  referred  to, 

•I.  Riinko  repealed  npon  man  the  eiperiments  which  Biscboffoiu] 
Voit  bad  conducted  upon  the  dog,  and  among  them  ore  two  series  of 
iibsorvatious  wliich  illuslmtc  the  subject  at  present  under  conaider*- 
tioii. 

Ill  the  first  no  food  at  all  was  given,  and  the  patients  wore  kept  at 

In  one  case  8  gi-ms.  of  nitrogen  were  passed,  in  a  second  10,  and 
in  a  third  B'fi.  In  a  fourth  case  the  amount  was  as  low  as  Cf.  And 
in  anollLcr  scries  of  observations  upon  himself,  Ranke  found  the  amoaat 
(lassed  in  two  starvation  days  to  be  B  and  86  grms. 

Kicliolsiin  maiie  three  estimations  in  tbe  case  of  starving  priaonBTV. 
iind  fiiiiiiil  as  iIlu  mean  of  tlirne  days  8-6  grrasj. 

M:iii3' olbi'r  observerii  have  noticed  the  rapid  fall  in  the  amonst  dtj 
nilrii^rcn  excreted  during  starvation. 

(ri-oiii  ^s  urms.  to  14.     "Moos.  Henle  Zeitschr.,"  vii,  291), 

,,      ;!o  "     „         14.     Scbneller,  "  Schmidt's  Jahrbuch,"  1838, 18t 
p,  10. 

'■V.i        „         I-t.     Brattler,  "BeitragBur  Uro logic, "  MtincJteii, 
18o6,  p.  6.) 
liul  Ihf  slirii-l   duration  of  theee  experiments  makes  it  probable 
i1l(-  iiiiuiitLiLiii  \v;is  [lot  reached. 

We  liiivr  i]icii  8  grcns,  as  the  mean  of  the  only  reliable  detamiw  J 
Tiiilion  :ii  oLir  cmumaucL  of  the  nitrogen  excreted  in  the  urine  dni 


i1  Sticksloir,  Auaclieidung  der  ruhendea  Meiuclicn,  "  Ardttv  K.  | 


lii-i,-l,  il.T  Mcns,-!icn."  RunVe,  p.  500. 
t,'u,<l.,  Juuni.,  1870,  p,  70. 
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II.  Upon  a  strictly  non-nitrogenons  diet  the  observations  are  not 
numerous : — 

Ranke  found  8  grms.,* 
and  Von  Franque  7*5  grms. 

III.  Professor  Plajfair  attacked  the  question  from  another  side, 
by  collecting  from  various  sources  the  minimum  diets  upon  which 
man  could  live,  and  to  which  he  gave  the  name  of  subsistence  diets, 
and  by  calculation  the  amount  of  nitrogen  contained  in  them.  This 
method  gave  him  as  a  mean  9*2  grms.,  but  his  patients  were  none 
of  them  at  absolute  rest,  but  were  performing  during  the  day  a  cert^n 
amount  of  work.f  Edward  Smith  in  the  same  way  by  calculation 
from  the  diets  of  the  spinners  during  the  cotton  famine  found  a  some- 
what larger  amount  of  nitrogen  (12  grms.),^  which  agrees  with  the 
amount  of  nitrogen  contained  in  Playfair*s  second  class  of  small  diets, 
but  in  all  these  cases  the  effect  of  muscular  exertion  is  not  eliminated. 

lY.  Unruh  gives  a  series  of  three  observations  upon  hospital  patients 
kept  at  rest,  and  placed  upon  a  restricted  diet.  Unfortunately  he 
gives  little  description  of  the  diet,  except  that  it  was  fever  diet,  and 
consisted  of  beef-tea  or  broth,  with  an  egg  or  two. 

In  the  first,  a  case  of  canceruas  obstruction,  the  amount  of  nitrogen 
was  8  grms.  (17*5  urea).  But  this  case  is  not  altogether  satisfactory 
from  the  amount  of  wasting  accompanying  this  disease. 

The  other  two  were  cases  of  syphilis  placed  upon  fever  diet,  and 
kept  at  rest  for  the  sake  of  the  experiments ;  the  first  passed  8*6 
grms.  (18*6  urea),  the  second  7*5  grms.  (16*2  urea). 

The  mean  of  these  three  cases  is  8  grms.  (1 7*5  urea). 

The  general  results  of  the  various  series  of  observations  may  be 
roughly  tabulated  thus  :  — 

I.  Starvation.     8  grms. 

II.  Non-nitrogenous  food.     8  grms. 

III.  Subsistence  diet.     9  grms. 

IV.  Insafiicient  diet.     8  grms. 

V.  Clinical  equilibrium.     8  grms. 

A  remarkable  coincidence,  considering  the  variety  of  the  methods 
employed,  and  the  difFereut  conditions  under  which  the  determinations 
were  made. 

We  may  therefore  conclude  that  the  minimum  amount  of  nitrogen 
excreted  by  a  healthy  adult  man  is  on  the  average  8  grms.  in  the  24 
hours,  this  being  equivalent  to  17*5  grms.,  or  to  260  grains  of  urea. 


*  Ranke  {mt  tmpra), 

t  *«  On  the  Food  of  Man  in  relation  to  hit  nwfal  Work.*'   Edmb.,  1865. 

t  *'  Influence  of  Food,"  1860. 
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Table  IV.— Anal, 

Soliii  food. 

Toliil  weight 

W^tor  (loss  ftt  115°  C.)   ... 

Ash 

C,  U,  and  O  (difference)    . . 
Nitrogen 

Liquids. 

Total  weight 

Water 

Asli 

C,  H,aiulO  (difference)  .. 
Nitrogen 

Total  food  (solids  and  liquid). 
Total  « I'ight 

Widtr 

A,li 

C,H,umlO  (diff^reneo)    .. 


Patients. 

;e.sla  (M>]ia  ;nid  liquid). 

A 

W:dL|- 

A-il 

('.   H,  ;iinl  ()  (dilfercnc-e)      

Nilrngcn 

Total  .... 


— 

CMay  i7. 

t>. 

—  — - 

I. 

II. 

32285     .... 

S82-20 

188-43    .... 

157-90 

0'94    .... 

3-50 

12648    .... 

113-91 

700    .... 

6-89 

322-85 

282-20 

296-28    .... 

243-20 

288-92    .... 

237-10 

032    .... 

0-23 

6-9?     .... 

5-81 

0-0?     .... 

U-06 

296-28 

243-20 

.     619-13    .... 

525-40        J 

J 

.     *r?-35     .... 

395'0»'     ■ 

1-20    .... 

97a    ■ 

.     133-15     .... 

119-72      ■ 

?-07    

6-95      ^ 

619-13 

525-40         J 

\ 

■thcUi-iaeof  the  Anenriam 

«lj-.i>  1. 

II.             J 

.     477-35     .... 

395-Oa    J 

1-26    .... 

.     133  45     .... 

I19-7S     ■ 

7-07     .... 

e-ss     f 

.     619-13 

.'^25-40      J 

^ 
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Diet  (as  given). 

Solids. 

Meat 4  ozs.,  containing  of  nitrogen*  7^    grains. 

Bread 3    „  „  „  16*5      „ 

Potatoes    2    „  „  „  20       „ 

Butter 1    „  „  „  0-2       „ 

10  ozs.  94*7  grains. 

or  6*3  grms. 

Liquids. 

Water    4  ozs. 

Wine  (port)  ....      3    „ 
Tea 3    „ 

10  ozs. 
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Urine  (the  mean  of  each  case). 

I. 
Volume  of  urine 470  c.c. 

Ash 5-264 

C, H, and O  (difference)   10434 
Nitrogen 8601 

Percentage  of  nitrogen    94*53 
as  urea.  


•  • . « 


II. 

490  c.c.     . . 

III. 

• .        ootj  C.c 

6125      . . 
1078 
8-624      . . 

6-26 
7-58 
6-374 

8806 

87-36 

Urine  percentage  averages  upon  fixed  diet. 

I. 

Total  nitrogen 1*83 

N  as  urea    1*73 

Solid  residue 5*17 

Ash 112 

C,  H,  and  O  (difference)     2*22 


Amount  of  urine 
Specific  gravitj 


470  c.c. 

1028  „ 


II. 

III. 

176 

1-66 

1-55 

1*45 

5  21 

5*26 

1*25 

163 

2*2 

1*974 

490  c.c. 
1030  „ 


384  c.c. 
1029  „ 


*  Bj  calculation  from  tables  giTeo  in  Parke**  "  Hjgien*. 
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1880. 

Ill  n,  preliminary  notice,  'which  the  Hoyal  Soaietf  has  doue  me  tl>e 
honour  of  publishing  in  the  '■  Proceedings,"  1  gave  a  very  ahorft 
sketch  of  tliL'  work  I  have  done  which  led  me  to  a  reaction  whereby 
hard  ci'ystrillint!  carbon  has  been  produced.  1  have  now  the  bonoorof 
lajinff  ii  lictiiiled  account  of  the  methods  and  results  before  the  Society. 
As  far  buck  as  September,  IS/t',  I  was  searching'  for  a  Bolveiit  for  the 
alkali  mciali<,  nnd  tried  experiments  with  many  liquids  and  gnses,  bnt 
iuvariably  found  that  when  the  solvent  reached  the  permanently 
•rjuicous  state  chemical  action  ensued.  This  was  the  case  even  with 
hydrociirbous,  llic  metal  combining  with  tlie  hydrogen  and  setting  free 
the  carljDu.  Parafiin  spirit,  boiling  at  76°,  was  first  oiied  in  experi- 
menting, and  the  spirit  contained  a  considerable  amoQut  of  oloflnoa; 
but  ewn  ilicKU  uusafuratod  hydrocarbons  eeemad  to  bo  split  up  in  like 
manner.  The  espcrimenta  were  conducted  in  thick  tubes  from  1  to 
L'.')  iiiillims.  intei'uul,  and  10  to  15  external,  diameter,  and  made  <}i 
liiird  ^'l;i<<.  Ill  riotiio  cases  when  the  carbon  was  set  free,  a  consider. 
alilc  ]n-(>j"irlioii  i>l'  the  hydrogen  seemed  to  hav^e  combined  with  thtt 
liiu:hi.n'  i>l['lin's  aru!  jiarafliuB,  rendering  them  giiseons.  most  of  the  gBM, 
liim'cviv,  l>i'Lui;  i'onucd  by  the  reaction  discovered  by  Thorpe  ftiul 
\  (jun!r.  ivlicvc  ;i  hii,'li  paraffin  Bplits  up  into  lower  olefines  and  par&ffioB, 
Til!!:  rr;Li'liini.  1  wnuld  remark  in  pnsning,  is  not  always  the  only  one  to 
tiikr  ])lin  ,■,  iis.iiJii.vturc  of  lower  paraffinH  and  olefines  on  being  heatad 
uudiT  very  bii^li  jux'ssure  sometimes  yield  a  small  quantity  ol'a  hishes 
nr  evi-n  iii'arly  sniid  liaraffin,  as  well  ns  gnseoQS  products.  An  attesipi 
was  niiiilo  to  i)htain  solid  paraffin  in  quantity  by  this  method,  but  oohr 
rnices  witc  uhtaiiicil  white  enough  for  uhc. 

The  alkali  metal  which  decomposes  the  hydrocarbon  retains  a  qtuui> 
lity  of  |niLe  liydroi,'en,  which  may  bo  seen  by  exhausting  it  by  Hm 
SpreriL'el  |>iiiiip,  A  ])iece  of  sodium  was  exhausted  in  the  molten 
^lale  liir  live  liinir.s  by  tlie  Sjirengel  pump,  and  when  no  mon 
lijdioi,'i.'n  had  been  evolved  for  an  hour,  a  piece  was  placed  in  a  tabt 
with  pariiliiii  spirit  and  heated  for  two  hours,  and  when  a  consider«bto 
i|U:iiiiiiy  of  carlwiri  was  depo.sited,  as  much  of  it  was  removed  as  coDtld  ■ 
lie  I'linM  iiietilly  olilaincd  and  again  exhan^ted,  when  32  times  ite< 
vnlniiie  iif  livdrnL'eiL  was  e.tti'acted  from  it.  This  was  rei>cated  seTontl 
liiiiis.  ami  ipiaiiiiiies  of  hj-drogen,  varying  from  17  to  '25,  times  (lie 
viiliiiiir  111'  I  he  siidiiun,  obiiiined.  The  carbon  deposited  on  the  tubeiC' 
I't  :i  iiai'il  ^ealy  nature,  and  when  the  sodium  is  slowly  oxidized 
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dissolved  in  water,  some  yerj  hard  scales  of  carbon  are  often  obtained. 
This  was  then  the  reaction  on  which  mj  work  was  built.  As  potassium 
is  a  metal  of  stronger  affinities,  I  thought  that  an  examination  of  its 
action  on  paraffin  woald  yield  somewhat  better  results,  but  in  this  I 
was  disappointed.  Sometimes  its  action  was  very  great,  but  it  seemed 
to  combine  with  some  of  the  substance  in  the  tube,  and  formed  black 
compounds,  having  no  hard  carbon  amongst  them.  Some  of  the 
experiments  did  yield  a  little,  but  on  the  whole  it  was  not  so  good  as 
sodium.  Lithium  was  next  tried  and  yielded  results  which  were  much 
more  hopeful.  When  the  same  paraffin  spirit  was  used  the  lithiam 
floated  on  it,  bat  by  melting  the  metal  in  the  bottom  of  the  tube  it 
adhered  to  the  sides,  and  did  not  float  to  the  top  unless  any  portion 
became  detached.  The  appearance  shown  by  lithium  is  sometimes 
very  beautiful,  a  small  globule  of  the  metal  when  it  has  liquefied 
showing,  before  it  begins  to  act  energetically  upon  the  hydrocarbon,  a 
very  beautiful  play  of  coloars.  After  this  has  gone  on  for  a  little  a 
more  rapid  reaction  sets  in  as  the  temperature  rises,  and  carbon  is 
deposited  somewhat  more  plentifully.  Sometimes  a  piece  of  the  metal 
will  float  until  it  becomes  coated  with  carbon  and  it  then  sinks.  The 
carbon  so  obtained  is  harder  than  when  sodium  is  employed,  and  will 
often  scratch  glass  easily.  I  thought  that  if  I  could  by  increased 
temperature  dissolve  the  nascent  carbon  in  the  metal  I  might  obtain 
diamond ;  but  after  very  many  trials  I  did  not  succeed  in  doing  so. 
Many  of  my  scientific  friends  who  had  witnessed  my  experiments 
thonght  that  a  gaseous  solvent  for  carbon  might  be  found,  and  as  this 
was  the  direction  of  my  general  work,  I  abandoned  these  metallic 
experiments  and  went  into  a  more  direct  examination  of  the  question 
of  gaseous  solution.  As  by  far  the  greater  number  of  substances  with 
which  we  are  acquainted  are  found  by  the  intervention  of  water  and 
are  only  soluble  in  water,  I  thought  that  an  examination  of  the  solvent 
effects  of  water  under  different  circumstances  would  be  likely  to  yield 
important  results.  I  found  that  hard  glass  tabes  resisted  the  action  of 
water  after  it  had  passed  its  critical  point  for  a  time  sufficiently  long 
to  enable  an  observer  to  see  whether  any  great  change  had  taken  place 
in  the  solution  contained  in  the  tube.  By  these  meatus  it  was  found 
that  many  chlorides,  sulphates,  and  nitrates  were  as  soluble  in  water« 
g^  as  in  water,  if  not  more  so,  and  that  at  least  no  sudden  change  of 
solubility  was  ol)8ervable  at  the  critical  point.  By  such  a  process, 
however,  only  qualitative  rt^sults  could  be  obtained,  and  a  series  of 
experiments  was  tried,  using  various  volumes  of  water  with  a  fixed 
proportion  of  silica  in  iron  tubes,  and  the  solvent  power  of  the  water 
estimated  in  a  more  accurate  manner.  An  account  of  this  work  will, 
I  hope,  be  laid  before  the  Socif^ty  shortly  ;  in  fact,  as  soon  as  I  have 
the  necessary  time  for  completing  the  work  and  writing  it  up.  The 
general  result  obtained  from  these  experiments  was  that  the  solvent 
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power  of  water  was  found  to  be  determined  by  two  rondidona : 
l8t.  TomfK-'ratnre  or  molecular  ri>  rira ;  and  2nd.  Closeness  of  the 
molf:ciil'*8  on  y>res8nre,  which  seems  to  give  penetrative  power.  From 
ihffHc  observations  it  will  bf*  seen  that  if  a  body  bas  any  solvent  action 
on  another  and  does  not  act  upon  it  chemically,  such  solvent  actkm 
may  l>e  indefinitely  increased  by  indefinitely  increasing  the  tempera- 
ture and  pressurff  of  the  solvent.  In  nature,  the  temperature  has 
at  one  time  higher  than  we  can  obtain  artificially,  and  the 
obtained  by  a  depth  of  2^Xi  miles  from  the  surface  is  greater  than  can 
\)e  8npp<^>rt<;d  by  any  of  the  materials  from  which  we  can  form  vessels. 
It  will  thus  h(i  seen  that,  whereas  in  nature  almost  unlimited  solvent 
power  could  bo  obtained,  we  are  not  as  yet  able  to  reproduce  these 
conditions  artificially.  Could  pressure  alone  increase  Solvent  power 
then  much  might  be  done,  but  pressure  only  acts  by  keeping  the  mole- 
cules crlosc  to^r*ther  when  they  have  great  vis  rtra,  and  this  latter  is 
only  obtained  hj  high  temperature. 

As  glasH  tubes  were  quite  out  of  the  question  when  a  red  heat  and  ferj 
high  i^resKurc  were  required,  iron  tubes  were  resorted  to,  and  a  seriea 
of  atteniptH  made  to  dissolve  carbon  by  various  gaseous  solvents.   The 
difficulty  of  closing  iron  tubes  as  compared  with  glass  tubes  caosed  me 
to  try  viirious  methods,  which  I  shall  describe  here.    Tubes  were  made 
of  strong  hydraulic  tubing,  20"  long,  V  thick,  and  J"  bore.     These 
w(jr<;  fitted  with  a  plug,  screwed  with  a  strong  screw  fitting  very  well. 
There  was  placed  in  the  tube  some  powdered  charcoal  from  which  all 
th(;  inorganic  matter  had  l)een  removed  by  immersion  in  hydrochlonc 
and  hydrofluoric  acids  and  washing  with  water,  and  then  sufficient 
paraflin   spirit  to  fill  the  tube  two-thirds  of  its  volume.     The  phig 
was  screwed   in  with  a  lute  composed  of  silicate  of  soda  and  man- 
priinese  (lioxi<le,  but  after  heating  the  tube  in  a  reverberatory  fmw 
mwv  for  four  hours  it  was  found  to  be  impossible  to  remove  the  ploffv 
HO  the  end  had  to  be  bored  out.     There  was  neither  liquid  nor  gaa  in 
the  tulx*.  the  luting  having  leaked.     Another  tube  similarly  filled  mm 
fitted  with  a  plug  with  a  copper  washer,  the  end  of  the  tube,  ping, 
and  washer  l>cing  polished,  but  this  also  leaked  and  no  resalt  was 
arriviMl  at.    Barytii,  clay,  asbestos,  and  otlxer  substances,  wet  with  sili- 
cate of  soda,  were  all  tried  with  the  same  result — ^leakage.     A  BQver 
washer  kept  comparatively  tight,  but  only  on  one  occasion.     It 
thus  seen  that  screw-closing  would  give  no  reliable  results, 
method  was  tried.     A  l>all  of  iron,  fitting  the  tube  tightly,  ^as  plafisd 
in  it  after  the  materials  had  been  introduced.     The  end  of  the 
was  then  narrowed  by  compression  between  rollers  and  turned 
inside.    The  iron  ball  was  then  drawn  up  by  a  wire  attiu!^«)d  and  Intsd 
by  silicate  of  soda  and  fine  manganese  dioxide.     It  i  ipeotsd  ttal 

the  pressure  would  only  serve  to  make  the  closing        re  ssenre, ImI^ CA 
heating,  the  iron  yielded  and  the  ball  was  driven  «        Nriih 
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explosion.  After  trying  several  other  methods  of  closing*— ontside 
screwing  and  filling  the  mouth  with  molten  metal  on  the  top  of  a  claj 
ping  being  amongst  them — I  came  to  the  conclusion  that  nothing 
would  suffice  but  welding  up  the  open  end.  This  has  been,  when 
carried  out  efficiently,  invariably  successful,  and  in  all  my  later  ezperi« 
ments  I  have  used  it  alone.  It  requires  greskt  skiU  on  the  part  of  the 
workman,  and  it  is  only  one  man  in  a  hundred  who  can  perform  the 
operation  with  invariable  success.  The  furnace  used  in  these  experi- 
ments was  a  reverberatory  one,  6  feet  long  (internal  measurement)  and 
2  feet  broad ;  fire-place,  15  inches ;  bridge,  9  inches ;  hearth,  4  feet. 
The  roof  sloped  down  towards  the  flue  and  the  spent  gases  had  exit  at 
the  level  of  the  hearth,  thus  carrying  the  flame  down  as  it  receded 
from  the  fire,  in  order  to  have  the  hearth  of  one  temperature.  The 
walls  were  13  inches  thick,  and  the  roof  formed  of  4-inch  fire-clay 
covers. 

Three  tubes,  20"  x  1"  x  ^"  bore,  were  filled  as  follows  :— 

No.     I.  3  grms.  sodium,  I  full  paraffin  spirit. 

»>     ■»■■'■•        »>  >»         t" 

It    111*        tt  »»         "f" 


19  »> 


On  heating  them  in  the  reverberatory  furnace,  No.  I  exploded  before 
a  visible  red-heat  had  been  obtained,  so  the  temperature  was  not 
allowed  to  rise  any  higher,  and  Nos.  II  and  III  allowed  to  lie  for  four 
hours  and  then  slowly  cooled.  On  being  bored  open  next  day.  No.  II 
contained  a  little  scaly  carbon,  but  No.  Ill  contained  almost  none,  and 
nearly  all  its  liquid  had  been  converted  int<5  gas,  which  rushed  out  on 
boring  it  open.  It  was  noticed  by  the  workmen  that  the  inside  of  the 
tube  was  harder  to  bore  than  the  outside,  and  I  thought,  as  I  found  out 
afterwards  rightly,  that  the  iron  had  been  carbonised  and  converted 
into  steel.  It  seemed,  then,  that  the  free  carbon  had  been  taken  np 
by  the  iron.  The  same  two  tubes  were  welded  up  again,  rather  more 
than  half-full  of  liquid,  and  slowly  heated,  but  before  they  came  to  as 
high  a  temperature  as  they  had  been  subjected  to  formerly,  they  ex- 
ploded together.  Two  more  were  filled,  welded,  and  heated,  but  again 
they  burst  simultaneously.  It  appeared,  then,  that  those  tubes  were 
too  weak,  so  two  were  made  20"  x  2"  x  ^"  bore.  On  trying  to  weld  them 
when  two-thirds  full,  the  liquid  got  hot,  and  gave  off  enough  vapour 
to  carbonise  the  white-hot  plug  and  made  a  bad  weld,  so  that  they 
had  to  bo  kept  cool  by  trickling  water  upon  them  immediately  below 
the  hot  part.  Several  tubes  were  lost  in  closing  before  the  workman 
became  defb  enough  at  closing  them.  Two  were  at  length  obtained 
well  closed,  and  were  heated,  but  again,  before  a  red-heat  was  reached, 
they  exploded  simultaneously,  smashing  the  roof  of  the  furnace.  It 
seemed  on  examining  the  tubes  that  one  had  gone  off  first,  and  stmok 
the  other  such  a  blow  as  caused  it  to  burst,  as  one  had  a  mark  near  the 
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midtllc  as  from  a  blow  with  a  hammer,  and  was  bent  a  little.     It 

becjimc  [ilain,  then,  that  two  should  not  be  heated  together,  at  leaab 
wheco  thoy  raiiiht  strike  each  other  on  eiplosion.  Then,  again,  as  the 
iron  took  np  the  carbon  set  free,  I  considered  that  the  reaction  luight 
be  favourcil  by  adding  aome  carbon  to  the  liqnid  it;  the  form  of  lamp- 
black, -so  Ihiit  the  liquid  would  be  kept,  always  Bataratod.  A  tube, 
'20"  X  "2"  X  y  bore  was  filled,  as  before,  to  about  three-fourtha  of  its 
volume,  and  about  half  a  gram  of  lamp-black  added.  This  wsjt 
heatrd  to  just  below  a  red-heat  for  six  lionra  and  allowed  to  cool  slowly. 
On  lK.'ini»  cut  ojieii  there  wafl  a  considei-nble  yield  of  scaly  carbon,  and 
f  1  o  s  1  im  n  Iwinj:;  diss  lye  I  left  a  few  pretty  I  ard  scales,  along  with 
feiTii  o\t  1  s|  oni^  iron  Ic  This  was  encourag  ng  and  another  tube 
was  falk  1  m  the  sime  way  but  it  burst  on  boat  ng  An  esperiment 
WTi  tl  en  t  ncd  w  th  paraffin  sp  nt  and  lamp  bKck  alone,  only  aboni 
2  ^m  s  of  limj  I  I  itk  Ix,  ng  addtd  to  the  tube  three  parts  filled  ^th 
Ii    Ir    T  1  lis  esper  taent  went  snccessfnlly  and  on  opeuing  tha 

t   I        ll      ll  t  ush  of  gas  it  was  found  that  nearly  all  the  lamp- 

I  h  k  I     I  1  I    oihel  by  11  e     an     This  showed  that  my  conjeotOTB 

■n  i  t    I  Id  sippcarauce  rf  the  carbon      Two  divisions  irani 

0  divide  it  into  three  spaoM, 


,ul        ll 


i  the  above  dimensions  and  filled  as  follows,  ' 
Ls.  naphtha,  i  grm.  lamp-black,  ^  full  paraffin  spirit. 


II  hurst  with  a  lond  explosion,  but  did  not  liana 
lilt  on  (ipening  these  next  day  they  were  found  t^ 
it  then'  may  have  been  no  pressure  inside  them  at 
wo,  two-lhirds  filled  with  liqnid  and  solids  as  abov^, 
I  was  absent  I  do  not  know  at  what  t«mperatara 


■itir.j  |iLiiii  that  the  tnbea  were  much  too  frail,  and  althOB^ 
n-  Tri;ii|i'  Irniii  "  Lowmoor  "  iron,  well  hammered,  and  the  tuba 
lilt   n|   tlu'  siilid,  they  invariably  burst  lengthwise,  showing* 

I  ciiifiiri'.  I  determined  then  to  try  tubes  on  the  coil  princifdai 
"111- niii-.ti'n<-lfd  out  of  the  tongheat  bar  iron,  maile  solid,  an4l 
-Ml  ;l^l,■L■^^:n•lls.  The  dimenfliona  were  20"  X  2J"  X  i",  and  ik^ 
i;iii  ll  III  a  just  visible  rod-heat,  and  contained  3  grins.  aodioMl, 

Liiii]i-lilii.k.  and  two-thirds  full  of   paraffin  spirit     Tlie  hesfe 

II  ii|>  ciiclil  liours,  and  the  tubes  allowed  to  cool  in  the  fnm&c« 
■pt  lii.'lif.  iiiid  yielded  some  hard  scaly  carbon,  bnt  nothing  alsac 
•.:  Irii'il  Willi  lilliinm,  and  a  bettt'r  yield  of  carbon  obtained,  anS,' 
:ds<i  )g:in1ri'.  Two  more  tnbes  of  the  same  dimensions,  lRlk> 
,  blll^l,  and  no  were  lost.     It  now  became  evident  that 
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stronger  tnbes  were  necessary  for  this  reaction,  or  that  some  other 
reaction  would  require  to  be  found. 

I  would  here  mention  a  fact  which,  although  not  directly  connected 
with  our  subject,  is  of  great  interest  to  students  of  chemical  physics. 
When  introducing  the  alkali  metal  into  the  tube  it  was  often  necessary 
to  push  it  down  with  a  rod,  and  in  one  or  two  cases  when  I  had  mis- 
laid the  iron  rod  for  the  purpose  I  used  a  glass  rod,  of  which  the  end 
had  not  been  rounded  by  fusion.  In  consequence,  some  small  particles 
of  glass  became  detached,  and  being  lead  glass  they  were  heated  to 
such  a  temperature  that  they  were  softened,  and  in  some  cases  com- 
pletely melted  by  the  heat.  Whenever  this  had  taken  place  the  piece 
of  glass  had  cavities  in  it,  and  these  cavities  were  partially  filled  with 
liquid  or  compressed  gas,  generally  with  a  portion  of  each.  In  the 
same  piece  of  glass  the  bubbles  were  of  different  size,  and  often  filled 
to  different  heights  with  liquid,  just  as  we  find  liquid  carbonic  acid 
and  water  filling  in  different  proportions  the  cavities  in  the  same  quartz 
crystal.  How  these  cavities  in  the  glass  are  formed,  and  how  the 
liquid  gets  into  them,  I  cannot  at  present  determine,  but  even  little 
spheres  of  glass  purposely  introduced  likewise  developed  cavities  con- 
taining liquid  on  being  fused  under  pressure.  As  this  is  a  part  of  the 
subject  I  am  investigating,  the  results  being  easily  produced,  I  shall 
reserve  its  full  discussion  until  I  have  examined  it  from  various  points 
of  view,  and  varying  the  substances  employed.  I  think  it  right  to 
mention  it  here,  however,  as  I  have  so  little  leisure  and  so  many  inte- 
resting discoveries  just  touched  upon,  and  each  one  more  tempting  as  a 
field  of  labour  than  the  other,  that  it  may  be  some  time  before  I  can 
have  full  data  on  the  subject. 

The  iron  used  in  making  the  tubes  is  what  is  known  as  '*  Lowmoor  ** 
iron,  a  very  pure  and  strong  quality,  and  a  portion  removed  from  the 
interior  of  a  tube  which  has  been  used  gave,  on  analysis,  2*17  per  cent, 
of  carbon,  showing  to  what  an  extent  carbonisation  had  gone  on. 

Having  obtained  results  from  this  process  of  a  kind  which  showed 
that  diamond  was  unlikely  to  be  formed  by  its  agency,  I  reverted  to 
the  original  idea  of  solution  of  carbon  in  a  gaseous  menstruum,  and 
from  some  experiments  I  had  been  carrying  on  with  the  view  of  finding 
some  commercial  use  for  **  bone  oi  V  I  concluded  that  the  distillate 
from  bone  oil  containing  the  nitrogenous  bases  would  be  most  likely 
to  yield  such  a  solvent.  Bone  oi),  the  nitrogenous  distillate  obtained 
in  the  manufacture  of  bone  char,  and  for  a  plentiful  supply  of  which 
I  am  indebted  to  Messrs.  John  Poynter  and  Sons,  of  Glasgow,  was 
distilled,  and  the  portion  boiling  between  115°  and  150"*  was  taken  and 
rectified  over  solid  caustic  potash,  and  latterly  over  sodium.  When 
satisfied  that  it  was  free  from  moisture,  oxygen,  and  sulphur,  a  tube, 
2}"  X  20''  X  ^"  twre,  was  three  parts  filled,  and  some  charcoal  powder 
added,  and  the  whole  welded  up  solid.     I  found  that  the  nitrogenoiis 
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liquid  was  even  worse  to  Tvork  with  than  the  hydrocarbon,  as  on  coming 
into  contact  with  the  hot  iron  it  burnt  it  awiiy  iit  once,  and  aa  the  tnba 
was  of  gi-eut  diameter  it  "was  extremely  difficult  to  keep  the  lower  part 
cool.  For  welding  it  had  to  bo  arranged  ao  that  it  was  standing  in  » 
tub  of  ice,  and  the  top  projecting  through  the  bottom  of  the  forge, 
and  bentcd  until  it  was  at  a  welding  heat,  with  as  little  delay  as 
jjossiblu.  Wlicn  a  tube  was  obtained  welded  up  solid  it  was  hcat«d  to 
a  dull  red-heat  for  14  hours,  and  allowed  to  cool ;  on  opening  the  tnfae 
there  was  a  very  great  oat-rasb  of  gas,  and  tho  carbon  was  to  a  certHto 
citcnt  dissolved,  and  BOmo  minute  portions  of  it  very  hard.  StitI, 
under  the  microscope  it  presented  little  difference  in  appearance  fram 
the  wood  cliai-coal  employed,  some  of  the  fcatarus,  however,  beinff 
obliterated,  and  it  had  a  bright  appearance.  Another  tube  of  the  soma 
dimensions  and  contents  whs  closed  np  in  the  same  manner,  but  nAer 
eight  hours'  hentiug  it  barst  with  a  loud  explomon.  I  hnd  noticed  t-hat 
a  tube  whicli  had  been  once  used  and  been  partially  carbouiaed  vroolcl 
not  stand  a  second  heating,  and  for  this  reason  I  had  no  belief  iii  llio 
power  of  cast-ii-on  or  steel  to  withstand  the  great  pressure  ut  a  red> 
heat.  Kevcrtlu'lcss,  as  niiiny  of  my  frienda  had  urged  upon  m©  U»  try 
those  ronteriiils,  I  Lad  a  cast-iron  tube  made,  3J"  x  24"  x  f "  bore,  tatd 
lillod  two-tUiiils  of  its  volume  with  bone  oil  distillate  and  carbon,  antl 
tlien  welded  up.  Wo  succeeded  after  a  little  trouble  in  making  n  ^ood 
wold,  ituil  the  tube  waa  then  slowly  raised  to  a  dull  red-heat  in  tl» 
fuiuiice.  It  iiail  not  been  heated  for  more  than  an  hour  when  it  ex- 
ploded with  a  !,'i'e;it  noise,  and  knocked  down  the  back  and  one  of  tbfr 
ends  of  tlie  furnncc,  leaving  the  whole  structure  a  wreck.  The  tulw 
liiid  broken  into  small  fragments,  and  waa  quite  unlike  the  mallesbla 
irim  tuiiLS  whiuh  generally  tore  np.  Thinking  that  it  wae  perbajM  ■ 
Iiaii  casting,  I  tried  another,  but  it  leaked  all  over,  and  emptied  itseilf 
bcfurc  the  teiuiwrature  waa  nearly  up.  A  third  tube  of  the  saaw 
nial.Tiiil  Imi'st  like  the  first,  but  as  I  had  builtup  the  furnace  tritli. 
\nvpo  blast-fui'naec  blocks,  it  was  not  blown  down.  Cuat-iron  bnar 
ina<liiii~sil>li'.  o.vperimentB  were  then  made  with  steel.  I  had  sfirarMt 
lull's  madi' o!  this  material  by  the  beat  firms  in  the  kingdum — madft 
bv  till'  Uiiee  uiithods,  Bos.somer,  Siemens,  and  tho  crucible  method—- 
but  llirv  had  the  same  faults  as  caat-iron,  altliongh  to  a  less  degtCK 
Tli'dittlculiy  ill  making  a  good  weld  in  cast-iron  and  steel  tubea  mniaM 
tlicir  criiphivniciit  in  snch  expcrjmenta  aa  these  a  matter  of  inook- 
vciiicmc.  Out  of  live  tubes  made  of  steel,  some  of  which  were  mads 
of  till'  viTv  toughest  material  manufactured  by  Messrs.  Cammell  ujt 
Co.,  otd\  "no  hild  in  the  substance  completely.  Throe  burst  in  ttw< 
fnni;iic,  and  one  had  leaked  by  ita  porosity.  The  top  of  the  fumMi^ 
by  t  III'  iMiit  inucd  shocks  of  explosions,  fell  in  at  the  bursting  of  tlw 
l:i.f  iif  tlic  steel  lubes.  The  continued  strain  on  the  nerve-9,  watal  ' 
till'  trmiierature  of  the  furnace,  and  in  a  state  of  tension  in 
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'explosion,  indaces  a  nervous  state  which  is  extremely  weakening,  and 
when  the  explosion  occurs  it  sometimes  shakes  one  so  severely  that 
sickness  supervenes. 

It  appeared  that  as  the  bone  oil  had  so  hardened  the  carbon,  if  it 
acted  upon  nascent  carbon  it  might  harden  it  so  much  as  to  produce 
diamond.  An  experiment  was  accordingly  tried  in  which  bone  oil 
distillate  and  paraffin  spirit  were  mixed,  so  that  when  an  alkali  metal 
was  made  to  act  upon  it  the  decomposition  of  the  hydrocarbon  might 
yield  carbon  which  would  be  crystallized  by  the  action  of  the  nitro- 
genous liquid.  The  proportions  used  were  90  per  cent,  bone  oil,  and 
10  per  cent,  paraffin  spirit,  with  lithium  as  the  metal.  The  tube  used 
was  a  coil- tube  of  Lowmoor  iron,  4  inches  in  external,  J-inch  internal 
diameter,  and  24  inches  long.  Three  grms.  of  lithium  was  employed, 
and  the  tube  filled  three  parts  of  its  length  with  the  mixed  liquids, 
a  little  lamp-black  added,  and  welded  up.  It  was  heated  14  hours 
to  a  dull  red-lieat,  and  then  bored  open.  A  very  high  pressure  was 
found  to  exist  inside  the  tube,  and  as  the  material  was  at  the  other  end 
of  the  tube  it  was  removed  by  a  long  punch.  It  was  found  to  be  a 
mixture  of  carbon  and  lithium  compounds,  with  some  cyanides.  Some 
of  the  carbon  was  very  hard,  but  could  be  crushed  by  ag^te,  and  would 
not  scratch  it ;  but  there  was  mixed  with  it  (as  with  many  of  the  other 
experiments)  a  few  grains  of  silica.  This  was,  perhaps,  introduced  in 
the  welding,  as  a  little  silica  had  to  be  employed  here,  and  a  little  may 
have  been  added  with  the  lamp-black,  which  wus  never  quite  free  from 
Band  or  other  accidental  impurity.  The  silica  particles  were  easily  re- 
moved by  placing  the  substance  on  the  stage  of  the  microscope,  and 
examining  by  polarized  light,  when  all  the  particles  which  showed 
rotary  power  were  removed. 

The  results  obtained  by  the  use  of  the  two  liquids  being  so  much 
more  satisfactory,  further  experiments  were  undertaken  in  this  direc- 
tion, and  a  series  of  .four  tubes  filled  with  varpng  proportions.  The 
tubes  had  the  dimensions  20"x3f  X^"  bore,  and  had  3  grms.  of 
lithium  introduced  into  each  and  then  filled  as  follows : — 

No.    I.  80  per  cent,  bone  oil,  20  per  cent,  paraffin  spirit^  5   grrms.    of 
II.  40        „  „       60        „  „  I   Ump-black 

.    III.  20        „  „       80        „  „  [  added      to 

„  IV.  10         „  „       90        „  n  J   each. 

These  wore  heated  separately  in  the  fa  mace,  with  the  result  that 
Nos.  I  and  III  burst,  and  Nos.  II  and  IV  withstood  the  pressure. 
No.  II  on  being  bored  open  gave  off  a  great  volume  of  gas,  but  on 
removing  the  contents  nothing  but  lithium  compounds  and  soft  carbon 
was  obtained.  No.  IV  also  evolved  much  gas,  but  the  solid  matter 
was  very  hard  and  contained  some  hard  particles  of  carbon,  but  no 
diamond.     It  seemed  therefore  probable  that  some  such  proportion  of 
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liquid,  was  even  worse  to  -work  with  than  the  hydrocarbon,  as  on  coming 
into  contact  with  the  hot  iron  it  bnntt  it  awaj  at  once,  and  as  the  tnbe 
was  of  gi'oat  diameter  it  was  estremely  difficult  to  keep  the  lower  part 
cool.  For  welding  it  hacl  to  be  arranged  ao  that  it  was  standing  in  a 
tub  of  ice,  and  the  top  [irojccting  through  the  bottom  of  the  forge, 
and  heated  nntil  it  was  at  a  welding  boat,  with  as  little  deUy  &s 
jK>ssiblL'.  When  a  tnbe  was  obtained  welded  up  solid  it  was  heated  to 
A  dull  red-heat  for  14  hours,  and  allowed  to  cool ;  on  opening  the  tubo 
there  was  a  very  great  out- rush  of  gas,  and  the  carbon  was  to  a  certain 
extent  dissolved,  and  Bome  minute  portions  of  it  -very  hard.  Still, 
under  the  microscope  it  presented  little  difference  in  appearance  from 
the  wood  cliarcoal  employed,  some  of  the  Eeatores,  however,  being 
obliterated,  and  it  had  a  bright  appearance.  Another  tube  of  the  samo 
dimensions  and  coutents  whs  clooed  ap  in  the  same  manner,  bnt  after 
eight  hours'  he.itiug  it  bnrst  with  a  loud  explosion.  I  had  noticed  that 
a  tube  whicli  Imd  been  once  used  and  been  partially  carbonised  wonld 
not  stand  n  second  heating,  and  for  this  reason  I  liad  no  belief  in  tbo 
power  of  cast-iron  or  steel  to  withatand  the  great  pressure  at  a  red- 
lieat.  Isevei'thelcss,  as  many  of  my  friends  had  urged  npon  me  to  try 
these  mntcrial.s,  I  had  a  i-ast-iron  tube  made,  3|"  x  2^"  x  J"  bore,  aad 
filled  Iwo-tliirds  of  its  volume  with  bone  oil  distillate  and  carbon,  and 
then  welded  up.  We  succeeded  aflor  a  little  trouble  in  making  s  good 
weld,  and  the  tulie  was  then  slowly  raised  to  a  dull  red-heat  in  thv 
fui'uacc.  It  liad  not  been  heated  for  moro  than  an  hour  when  it  «u 
ploded  wirli  u  <;rcat  noise,  and  knocked  down  the  back  and  one  of  tbe- 
cnils  of  tlie  furnace,  leading  the  whole  structure  a  wreck.  The  tsbo 
had  broken  into  small  fragments,  and  was  quite  nnlike  the  malleaUfr 
iron  tiiliis  \iliiuh  generally  tore  up.  Thinking  that  it  was  perbKpS  a 
bad  cnsliiig,  I  tried  another,  bnt  it  leaked  all  over,  and  emptied  i| 
befi>iv  the  temperature  was  nearly  up.  A  third  tube  of  the  M 
material  buivst  like  the  first,  but  as  I  had  built  up  the  fumace  wiUi 
lrn[;c  bla4-turnaco  blocks,  it  was  not  blown  down.  Ciist-ii 
in:idiiii:-silili>.  c\|itTiment8  were  then  made  with  steel.  I  had  t 
lul)rs  iiiiiiU  of  this  material  by  the  best  firms  in  the  kingdom — mod* 
by  'lif  iljivi'  nii'tluula,  Bossemer,  Siemens,  and  tho  crucible  method — 
bill  till  y  bad  tlie  same  faults  as  cast-iron,  although  ton  less  degnfc. 
Tlicdillliultv  ill  milking  a  good  weld  in  cast-iron  and  atei'l  tubes  K 
their  cniiiiciyniciit  in  such  esperimenta  as  these  a  mutter  of  tnooa^' 
vi'iiii'iiii'-  Out  of  five  talx'S  made  of  steel,  some  of  which  " 
(if  (III-  vrry  toughest  material  manufactured  by  Messrs.  Cammelln 
Co..  onlv  line  held  in  the  substance  completely.  Three  burst  ta  t 
furniic'c.  anil  one  bad  leaked  by  its  porosity.  Tlio  ifip  of  the  farBa 
by  tlie  I'litilinucd  shocke  of  explosions,  fell  lu  at  the  bnrsting  of  t 
lii^t  uf  the  steel  tubes.  The  continued  strain  on  the  nerves,  watoUl^: 
ilu-  If  nipeiature  of  the  furnace,  and  in  a  state  of  trniiian  in  case  oF  a 
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'explosion,  induces  a  neryons  state  which  is  extremely  weakening,  and 
when  the  explosion  occnrs  it  sometimes  shakes  one  so  severely  that 
sickness  supervenes. 

It  appeared  that  as  the  bone  oil  had  so  hardened  the  carbon,  if  it 
acted  upon  nascent  carbon  it  might  harden  it  so  much  as  to  produce 
diamond.  An  experiment  was  accordingly  tried  in  which  bone  oil 
distillate  and  paraffin  spirit  were  mixed,  so  that  when  an  alkali  metal 
was  made  to  act  upon  it  the  decomposition  of  the  hydrocarbon  might 
yield  carbon  which  would  be  crystallized  by  the  action  of  the  nitro- 
genous liquid.  The  proportions  used  were  90  per  cent,  bone  oil,  and 
10  per  cent,  paraffin  spirit,  with  lithium  as  the  metal.  The  tube  used 
was  a  coil-tube  of  Lowmoor  iron,  4  inches  in  external,  |-inch  internal 
diameter,  and  24  inches  long.  Three  grms.  of  lithium  was  employed, 
And  the  tube  filled  three  parts  of  its  length  with  the  mixed  liquids, 
a  little  lamp-black  added,  and  welded  up.  It  was  heated  14  hours 
to  a  dull  red-heat,  and  then  bored  open.  A  very  high  pressure  was 
found  to  exist  inside  the  tube,  and  as  the  material  was  at  the  other  end 
of  the  tube  it  was  removed  by  a  long  punch.  It  was  found  to  be  a 
mixture  of  carbon  and  lithium  compounds,  with  some  cyanides.  Some 
of  the  carbon  was  very  hard,  but  could  be  crushed  by  ag^te,  and  would 
not  scratch  it ;  but  there  was  mixed  with  it  (as  with  many  of  the  other 
experiments)  a  few  grains  of  silica.  This  was,  perhaps,  introduced  in 
the  welding,  as  a  little  silica  had  to  be  employed  here,  and  a  little  may 
have  been  added  with  the  lamp-black,  which  was  never  quite  free  from 
Band  or  other  accidental  impurity.  The  silica  particles  were  easily  re* 
moved  by  placing  the  substance  on  the  stage  of  the  microscope,  and 
examining  by  polarized  light,  when  all  the  particles  which  showed 
rotary  power  were  removed. 

The  results  obtained  by  the  use  of  the  two  liquids  being  so  much 
more  satisfactory,  further  experiments  were  undertaken  in  this  direc* 
tion,  and  a  series  of  .four  tubes  filled  with  varying  proportions.  The 
tubes  had  the  dimensions  20"x3f"x^"  bore,  and  had  3  grms.  of 
lithium  introduced  into  each  and  then  filled  as  follows  : — 

No.    I.  80  per  cent,  bone  oil,  20  per  cent,  paraffin  spirit"\  5   grrms.    of 
„     II.  40         „  „       60        „  „  I    lamp-black 

„  III.  20        „  .,       80        „  „  r  added      to 

„  IV.  10         „  „       90        „  „  J   each. 

These  were  heated  separately  in  the  famace,  with  the  result  that 
Nos.  I  and  III  burst,  and  Nos.  II  and  IV  withstood  the  pressure. 
No.  II  on  being  bored  open  gave  off  a  great  volume  of  gas,  but  on 
removing  the  contents  nothing  but  lithium  compounds  and  soft  carbon 
was  obtained.  No.  IV  also  evolved  much  gas,  but  the  solid  matter 
was  very  hard  and  contained  some  hard  particles  of  carbon,  but  no 
nd.     It  seemed  therefore  probable  that  some  such  proportion  of 
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ingredients  might  yield  Buct^easfal  results,  and  miother  aeries  of  five, 
Ringing  from  30  percent,  tu  10  percent,  of  bone  oil  distillate,  » 
jircpared,  but  not  one  of  them  gave  any  resuUs.  One  by  one  the  tabes 
exploded,  and  the  fomace  hitd  to  bo  reconatrnoted  at  the  foarth  esperi- 
ment.  I  tliought  I  should  uither  have  to  abandon  the  attempt  or  begin 
ex|M;rinieiils  of  a  very  cxpenBivo  nature,  using  large  tubes  luid  a  large 
furnace,  :is  20-incli  tubes  of  a  greater  diameter  than  4  iocbe.s  could 
not  bu  closed  n-hen  three  partj)  filled — at  least  by  welding.  As  same 
of  tlicm,  however,  aeemed  to  stand,  I  d^t«rniined  to  make  some  f  ortlier 
trials  with  the  apparatus  I  had  at  my  disposal;  so  another  tnbd^ 
iO"  X4''  X  -^-"  bore  was  filled,  usiug  4  grms-  of  lithium  and  a  mtxtuTtt 
tif  l)one  oil,  carefully  reeti^ed,  00  per  cent.,  and  paraffin  spirit  10  per 
cent.,  usin^  these  proportions  because  I  had  never  had  any  resuIU 
with  it  higli  percentage  of  bone  oil,  the  tnbea  so  filled  having  bnrstt 
The  tube  waa  flosed  with  great  difficulty,  being  three-parts  fall  at 
liqnid,  and  then  he&ted  to  a  visible  red-beat  for  fourteen  hoars.  Mid 
allowed  ti-i  cool  slowly.  On  opening  the  tube  a  great  volume  of  { 
was  givt'n  olT,  and  only  a  Little  liquid  remained.  In  the  end  of  Uw 
lube  wbieh  li;iil  been  the  upper  end  in  the  furnace,  the  tnbe  IfinK 
iibliijUi'ly,  thei-e  was  a  hard  smooth  maaa  adhering  to  the  uidea  of  tlw 
lubi-,  iirid  uTiliroIy  covering  the  bottom.  Aa  I  had  never  obtained  all 
the  solids  in  one  piece  before,  I  wished  to  examine  it,  and  so  had  tlu 
other  end  of  the  tube  cut  off,  exposing  the  hard  mass.  It  was  (^oite 
black,  mill  wiis  removed  with  a  chisel,  luid  as  it  appeared  to  be  oon> 
|.osed  priiii-i pally  of  iron  and  lithium  it  was  laid  aside  for  analysis.  I 
was  pulvi ■ri-iii^'-  it  in  a  mortar,  when  I  felt  that  some  parts  of  tilfir 
iiiiilei'iiLJ  ucic  cxhmnely  hard — ^not  resisting  a  blow,  bnt  hard  othe^. 
\\U>:  0(i  |r>iikiii2:  clo.scr,  I  saw  that  these  were  mostly  ti-auapamHt,. 
pic'i-cs    Linlirdiltd    in    the    hard    matrix,  and   on    triturating   T  ~ 

obiauu-d   siiiiK'   tree   from  the  blaek  matter.      They  turned  out  to  t 
crysUilliii'-  c:irlioii,  exactly  like  diamond.     I  shall  describe  furllur  * 
llii>  aiiiilysr\«,  Ai'  ,  but  will  here  go  OD  with  the  account  of  my  fni 
cN)ii>iiuii  iit~       Two  tubes  were  filled  in  the  same  manner  as  th« 

but  Ii[ir>i  iivi  Ifjating,  and  the  other  bad  leaked  so  that  there  w 

lu)   i-iMiTupti,     'I'wii   nLorc  tubes  were  prepared,  but  were  spoiled  i 

wi  lilni.:,  :uL'l  nil  rnlting  off  the  carbonised  portion  the  rctuaindor  1 

i,„>  -ImiM    I.I  w.iik.     After  much  trouble  three  tubes  wen 

will  I  li'M.l,  \n  uhicli  the  three  alkali  metals  were  inclosed  with  liqp 

i-oiii:iJiiiiii.-  -<i  percent,  bone  oil  and  80  per  cent,  paraffin.     All  thj 

slnod,  and.  Oil  "prniug,   only  the  polssainm   oiio   had   leaked   to  4 

c.'dciit.      'I'lic   ri'.sults  were  not  pond,  however,   the  sodinm   tube  { 

tniniiii.'  only  sufr    j-caly  carbon,  and  the  other  two   very  lii 

'{'III'  I'l'iii'iioii  ilid  not  seem  to  have  proceeded  in  the  same  mannevjl 

ihc  littiJMiii  IuIk'  as  befoiv,  fn  the  mass  was  soft  and  frial 

liiliiuui  f^cciucd  to  yield  the  best  results,  bo  it  waa  adhered  to  in  t 


1880.]  On  tlie  Artificial  Formation  of  the  Diamond.  459 

farther  experiments.  A  list  of  disasters  now  awaited  me.  Eight 
tubes  failed  through  bursting  and  leaking,  and  one  of  the  explosions, 
when  two  were  being  heated  together,  destroyed  a  part  of  the  furnace 
and  injured  one  of  my  workmen.  Besides  this,  two  tubes  were  spoiled 
in  welding.  However,  I  had  four  experiments  after  this,  all  with- 
standing the  pressure,  and  in  one  of  these,  with  10  per  cent,  bone  oil 
and  90  per  cent,  paraffin  spirit,  a  small  quantity  of  diamond  was  found. 
The  contents  of  this  tube  were  different  from  the  other  successful  one, 
being  much  looser  and  not  in  the  same  hard  mass  as  the  first.  In 
another  series  of  six  experiments  two  were  at  first  thought  to  have 
been  successful,  but  1  afterwards  found  that  one  of  them  was  not  so, 
the  transparent  matter  being  siliceous,  but  insoluble  in  cold  hydro- 
flaoric  acid,  although  it  dissolved  on  boiling.  The  uncertainty  and 
great  expense  involved  in  using  these  forged  coils  of  iron  with  tubes 
bored  out  of  the  solid  induced  me  to  again  try  steel,  and  Messrs. 
Cammell  and  Co.  having  prepared  some  tubes  for  me,  1  tried  them, 
but  with  the  same  results — they  exploded  into  fragments  at  a  red- 
heat.  And  herein  they  are  much  more  dangerous  than  coiled  tubes, 
because  the  latter  seldom  fly  into  fragments,  but  just  tear  open  a  little. 
A  further  unforeseen  danger  in  using  steel  tubes  was  discovered.  One 
which  had  stood  the  heating  very  well  was  being  bored,  and  when  the 
inner  skin  was  cut  so  that  the  gas  rushed  out,  the  whole  exploded, 
endangering  the  life  of  the  workman  who  was  boring,  but  as  he  was 
standing  at  the  end  of  the  tube  and  the  pieces  flew  laterally  he  was 
not  hurt.  I  have  performed  over  eighty  experiments,  and  have  only 
obtained  three  results  of  a  successful  nature.  The  identification  of  the 
crystalline  pieces  as  carbon  was  easy  enough,  but  I  have  been  anxious 
to  find  whether  they  are  pure  carbon  or  a  compound  with  some  other 
element,  and  to  that  end  the  following  experiments  were  conducted. 

A  portion  of  the  substance  from  the  first  successf al  experiment  was 
weighed  out  after  it  had  been  freed  from  all  foreign  matter  adhering 
to  it,  and  placed  in  a  very  small  platinum  boat  made  of  a  strip  of  thin 
foil,  the  ends  of  which  were  wrapped  round  two  stout  platinum  wires 
which  were  sealed  into  a  wide  glass  tube.  The  carbon  particles  were 
transferred  to  this  boat  after  being  weighed,  and  the  tube  connected 
by  india-rubber  stoppers  with  an  oxygen  gasometer  on  the  one  side 
and  a  series  of  potash  bulbs  on  the  other.  The  oxygen  was  dried  over 
solid  caustic  potash  before  entering  the  tube,  and  again  after  leaving 
the  potash  bulbs.  The  carbon  (14  nigrms.)  having  lx?en  weighed  out, 
the  potash  bulbs  were  weighed,  and  a  current  of  oxygen  passed 
through  the  apparatus,  and  the  [)latinnm  wires  connected  with  a 
battery  strong  enough  to  heat  the  foil  to  a  bright  red-heat.  After  a 
few  minutes  the  oxygen  was  stopped  and  the  bulbs  weighed,  when  it 
was  found  that  they  had  gained  1  mgrm.  On  repeating  this  operation 
no  gain  was  found,  the  moisture  having  been  entirely  driven  off  by  the 
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first  treatment.  The  carbon  was  now  placed  in  thG  boat  and  a  slow 
current  of  osygen  atarted,  then  the  bnlbs  connected  and  the  rurront 
made  to  pass  through  the  platinum  until  all  the  diamond  had  been 
burnt,  when  the  current  was  stopped  and  the  oxygen  allowed  to  pass 
for  fifteen  minutes  more,  when  the  bulbs  were  detached  and  weighed. 
They  were  then  reconnected  and  the  gas  passed  for  other  ten  minutes 
to  find  whether  all  the  carbouiu  acid  bad  been  expelled  and  reweigbed. 
They  welglied  0-2  mgrm.  less  than  before.  The  numbers  were  ns 
follow  :— 

Potash  bulbs  before  combuBtion 43'8308 

„       after  „  43-8776 

-0468 

Drying  tube  bi'forc  combustion 26'4294 

„       alter  „  20-4328 


■0502 
Tliia  gives  a  composition  of  97'85  per  cent,  of  carbon,  which  is  ft 
pretty  fair  approximation  to  pure  carbon.  However,  to  detenmne 
whether  or  not  this  was  not  the  case,  some  further  experiments  wen 
tried.  A  small  ([uactity  of  the  carbon  was  placed  on  the  platdonra 
boat  and  burnt  in  o.vygen  witbont  any  of  the  gas  being  allowed  to  pan 
out  of  ihe  iijiparatiis,  and  the  raised  gases  so  obtained  transferred  to  » 
cuiliometiT,  iind  tlie  carbonic  acid  and  oxygen  absorbed.  It  was  thea 
fiiund  (luit  a  residue  amounting  to  about  3  per  cent,  by  Tolnme  of 
the  carbonic'  acid  was  left  tinabaorbed  by  alkaline  pyrogallate  solattoB. 
This  proved  I"  be  nitrogen.  A  blank  experiment  wae  done,  but  it 
gave  oiilv  a  miiinli'  bubble  of  nitrogen.  Another  experiment  was  po^ 
formed  willi  the  following  results  :— 

Tol:il  v.>hii,ie 1837' 

Atl.ral.sorjtlionof  CO3 148-5°  COjs  35'2 

After  „  „   0       11°   0  147-4 

N  11 

This  pl:iiidy  nhiiws  (liat  nitrogen  was  present  from  Home  cauao  Or 
iiiiotlier,  ami  as  every  precaution  was  taken  in  transferring  the  gsa 
from  one  vessel  Id  aiiolher,  and  as  the  blank  experiment  showed 
nothing.  I  ani  ineliitcd  to  beliece  that  the  carbon,  or  at  lea.st  soma 
portions  of  it,  eont:iiiied  nitrogen  chemically  combined.  The  numbeni 
above  f,'ivi'n  are  degrees  on  the  eudiometer  tube,  and  are  not  man 
than  one-third  of  a  cubic  centimetre  each.  Their  exact  vaine  waa  of 
no  constquence  in  the  experiment, and  the  tube  waa  only  cahbrated  by 
comparing  nne  ]>art  with  another,  and  not  with  an  absolute  measate. 
From  the  fact  that  no  diamond  was  fonndwhen  nitrogen  compooilda  ' 
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were  absent,  and  from  the  (iMit  tlutt  tbe  mixed  prodnot  (for  only  % 
portion  of  the  14  mgrms.  wm  dear  diamond)  oontainfl  nitrogen,  I  am 
inclined  to  believe  that  it  is  hj  the  decomposition  of  a  nitrogenona 
body,  and  not  the  hydrocarbon,  that  the  diamond  is  formed  in  this  re- 
action. The  experiments  are,  however,  too  few,  and  the  evidence  too 
vagne,  to  draw  any  conclusions,  as  there  are  even  very  few  negative 
experiments  from  which  anything  can  be  learned,  most  of  the  resnlt* 
being  lost  by  explosion.  I  intend,  when  my  other  work — which  I  laid 
aside  for  the  diamond  experiments — is  finished,  to  begin  a  series  of 
experiments  on  the  decompositions  of  carbon  compoonds  by  metals,  to 
find  whether  a  more  easily  coatroUed  reaction  may  not  be  discovered. 


VII.  "  Further  Note  on  tho  Spectrum  of  CJarbon."     By  J. 
Norman  Lockybr,  F.R.S.    B«ceived  May  11, 1880. 

The  preliminary  disooanoa  of  a  oonaiderable  number  of  photo- 
graphs of  the  spectra  of  varions  carbon  oompouida  hai  bronght  to 
light  a  relation^p  which  I  think  may  be  worthy  of  notice  in  the 
Proceedings ;  it  was  notaoed  orally  in  connexion  with  the  paper  read 
before  the  Society  on  April  2Mh. 

A  comparison  of  the  photographa  of  the  vkrioiu  carixm  oomponnds 
observed  under  variona  conditions  enabled  ns  to  isolate  the  lines  in  the 
bine  and  nltra-violet  portions  of  the  speDtnim  (ware-lengths  iSfid- 
3800). 

In  this  manner  the  constant  lines  seen  in  the  photogr^ihs  of  the 
spectra  of  CC1„  CioHg.  CN,  CHTj,  CS„  CO,,  CO,  Ac,  have  been 
mapped,  and  the  coincident  lines  and  flntings  thns  marked. 

The  phenomena  thus  seen  with  more  or  less  constancy  are  a  bine 
line,  with  a  wave-length  of  4266 ;  a  set  of  blue  flntings,  extending 
from  421S  to  4151  ;  and  another  set  of  nltra-i,-iolet  flntings.  which 
extend  from  3885  to  1^843  (all  approximate  nambera). 

Fio.  1. 
Ai'tion  of  three  diOiTrnt  Ifmpentum  on  t.  hjpotb«tinl 
tt%t^  of  complete  diMociatioD. 


In  a  photograph  of  the  spectmm  of  the  electric  arc  (with  a  n 
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battery)  from  carbon  polea  in  aa  atmOBpliere  of  clilorine,  the  blue 
flutinga  alone  arc  visible,  while,  when  the  spark  is  Himilarly  photo- 
grapLLid,  the  ultra-violet  flntinga  tuid  the  blue  line  (42G6)  are  also 
visible,  while  the  blue  flntiuga  become  fainter. 

From  this  yte  may  aasnmc,  in  accordance  with  the  working  liypo- 
tbcsis  of  a  scries  of  different  temperatnre  furnaces,  as  eet  forth  in  ihe 
paper  of  December,  18?S  (see  fig.  1),  that  the  different  flutinga  and 
the  lino  correspond  lo  different  temperature  spectra,  the  blue  tlntings 
to  the  In^sEbt  and  the  bine  liue  to  the  highest  temperature,  wlulo  the 
ultra- vit.ilft  HutingB  occupy  an  intcnuediatc  position. 


11  pot.betlcal  BufagtHiK^  n 


«.  aaHiimiiif;  tbot  ihe 


riliii;,'  til  lliis  working  bypothesia,  there  should  bo  a  Beries  oC  ] 
I'ls  furmiitg  a  perfect  gradation  between  the  spectrnm  whjoh.  I 
s  th*.'  blue  line  alone  and  that  which  contains  the  blue  fittlingi-  \ 
111,'. -J), 

iiiupiiiitig  llio  spectra  of  carbon  under  different  oonditioai^'^ 
sill  hf  ti'iii'.  The  blue  line  never  appeam  in  conjunction  teithO 
linij',  ii,itri«  Ihv  ultra-violet  JJuliiti/s  are  also  jirctienl. 
I  lie  liiu'lii^r-t  luid  the  lowest  hypothetical  temperature  spectm  A) 
i>ilil('  liiq-ctlier  without  the  spectrnm  of  the  intormedJata  hyptK 

lliis  iH  iiDt  all.     By  placing  the  spectra  of  the  substaneea  al 
Li  hi-at -levels,  HO  to  apeak,  I  am  enabled  to  construct  a  diagnUb 
:,o(  1111I3'  indicates  the  mere  presence  or  absence  of  the  lines  aod 
■hitivc  intcnsitiea,  bnt  bLows  that  there  eiiste  a  perfect  gr»d»»  J 
'iweeiL  the  spectrum  which  contnins  the  lino  alono  and  & 
i-uiiUiiu.s  the  blue  flntings  alone  (fig.  3).     I  would  point  0 
cTC  is  uothing  theorctic&l  in  this  diagram.     All  the  fatwtj 
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depicted  are  copied  from  photographs  of  carbon  under  the  conditions 
indicated,  and  theory  has  merely  enabled  me  to  arrange  them  in  order. 

Fio,  3. 
The  photo({r»pb«l  »p<¥lnt  of  eome  cartran  compound«. 


Hlfhrrt 
Lown 



C1(D). 
CMC). 


This  map  I  sabmit,  therefore,  bears  ont  the  hypothesis  of  differences 
of  temperature  indicated  above,  for  it  is  seen  that,  while  the  blue  line 
gradually  thins  ont,  the  ultTa-violet  flntings  appear  first  and  grow  in 
intensity.  As  these  increase,  the  bine  flutings  become  visible,  and 
further  as  the  latter  augments  and  the  line  disappears,  the  nltnu 
riolet  6ntings  gradually  die  out  altogether. 

It  is  philosophical  to  infer  from  these  obserrations  not  only  that  tlw 
lino  and  flatings  in  question  are  produced  by  carbon,  but  that  the  blao 
line  (4266),  since  it  is  visible  at  the  highest  temperature,  corresponds 
to  the  moxt  simple  molecular  grouping  we  have  reached  in  the  experi- 
ments, and  the  flutings  to  others  more  complex. 
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Transactions. 

Bamsley  :— -^Midland  Institute  of  Mining  Engineers.  Transactions. 
Vol.    Vll.     Part  49.  Bvo.  /MruWer/ 1880.  The  Institute. 

Graz: — Naturwiescnschaftlicher  Vcrein  fiir  Steiermark.  Mittheil- 
nngen.  .Iiihrg  1879.  Svo.  Qmz  1880.  Das  Chemiscbo  Institnt 
der  K.-K.  Universitat  Graz  von  Leopold  von  Pobal.  4to,  WUn 
1880.  The  Association. 

Jena : — Mcdicinisch-Naturwissenschaftliche  Qesellschaft.  Denk- 
Bchriften.     Band  II.  Heft  4.     4to.  Jetia  1880.  The  Society. 
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Transactions  {rnntinued). 

JEadrid  :— CamiHion  del  Mapa  Oeo1(}gioo  de  Bspana.    Bolotin.    Tomo 
VI.     Cuaderno  2.     8yo.  Madrid  1879.  The  CommisHion. 

Melbourne ; — University.      Proceediugs   on    Laying   the   Memorial 
Stouo  of  the  WUson  Hall.     8vo.  Melbourne  1879. 

The  University. 
New  Uavcn  :— Connecticut  Academy  of  Arts  and  Sciencee.   Tranaao- 
tioRs.     Vol.  V.     Part  I.     8vo.  New  Haven  1880. 

The  Academy. 

Paris:— Society  G^ologiqne.     BoUotin.  3e  S^rie.  Tome  5.  ff.  863- 

8ti8.  8vo.  The  Society, 

I'hilinlflphia;^American  Philosophical  Society.    Proooeding*.  Vol. 

XVIII.  Kos.  103-4.  1879.  8vo.  The  Society. 

Quebec  ; — Literary  and  Historical  Society.    Tranaactionfl.    1879-80. 

8vo.  Quebec  1880.  The  Society. 

Salem  (Maas.):-r-Es8oi  Institntc.     Bulletin.     Vol.  X.  Syo,    Salem 

(.!/,(-«.)  1879.  The  Institate. 

Shangliiii ; — North    China    Branch   of  the  Boyal    Asiatic   Sociaty. 

Journal.  New  Series.  No.  Xlll.  8vo.  Shanghai  1879. 

The  Sodatj. 
Tramsii:— iluai-nm.      Aarsheft.   No.  II.   8vo.   2Vff«Mo"  1879. 

The  Muaenm. 

Yokiiliama, : — Asiatic  Society  of  Japan,     Transactions.     Vol.  VTIL. 

l':Litl.  Svo.   YoLvkama  1880.  The  Society. 


3b!*oi-v;Ui'nis  ami  iii'ports. 
Ailchiiilo  : — (JljstTvatory.     Mettmrological  Observations.     1878.  4to. 

A'lrl-ule   18713.     Register   of  the  Rainfall  ...  by  Sir  Q.  S, 

Kinsrsd.ni     1839-79.  4to.  Adelaide  1879,  The  Obsorvatoiy. 

Cuiiiliridiri;  (U.S.)  i^Harvard  College  Observatory.     Aunals.    V^ 

XI.   Piivt  -2.  4to.  Cambridge  1879.  The  ObBeiratoty.  ' 

WiOliufrtdii  :— Results  of  a  Ceusus  of  the  Colony  of  New  Z«J»ad. 

-Itu.    ]\;ii;„i/h,a  1880.  The  GoveraineoL 


Buc!)iiiiMii  (Joljii)    Mannal  of  the  Indigenous  Grasses  of  New  Zealand. 

>ivi..    Iiv;/M,y^„i  18S0.  The  Colonial  Mnsenni. 

Fritsclic  (H.)     TLi-  Climate  of  Eastern  Asia.     8vo.  tihaji^jkai. 

The  North  China  Branch  of  R.  Asiat.  Boo. 
Oiiu.^sin  1 1>.)      Liji.'^  concemaut  la  Distribation  dee  Aetrcs  dn  Systame 

-S.li.iiv.     4io.  l',irU  1880.  The  Author. 

lliiii/raii  (J.  C.)  et  A.  Lancaster.     BibliogmpMe  O^n^rale  do  I'Aatni- 

noiuic.      lur  Fasc.  8vo.  M.  HOOBOU.. 


I 
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Parker  (Robert  William)     Tracheotomy  in   Laryngeal  Diphtheria. 
8vo.  London  1880.  The  Author. 
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Transactionfi. 

Bordeaux  : — Soci^t6  de  MMecine.  M^moires  et  Bulletins.  Fasc. 
3,  4.  1878.     8yo.  Paris  and  Bordeava  1879.  The  Society. 

Heidelberg : — Universitat.  Festschrift  dem  K.  Deutschen  Archao- 
logischen.  Institat  zu  Bomiiberreicht.  4to.  Leipzig  1879. 
Geburtzfestrede.  4to.  Heidelberg  1879.  Ten  Inaugural  Dis- 
sertations. 8vo.  Anzeige  der  Vorlesungen.  1879-80  and  1880. 
8vo.  The  University. 

Hobart  Town  : — Royal  Society  of  Tasmania.     Papers  and  Proceed- 
ings. 1878.     8vo.  Tasmania  1879.  The  Society. 
Huddersfield:— Yorkshire    Naturalists*    Union.     Jan.,   Apr.,  May. 
1880.     8vo.  The  Union. 
Leipzig : — Astronomische  Oesellschaft.    Vierteljahrsschrift.    Jahrg. 
14.    Heft  4.     8vo.  LeipztV/ 1879.     Catalog  der  BibUothek.     8yo. 
Leipzig  1880.                                                                 The  Society. 
K.  Sachsische  (Oesellschaft.     Abhandlungen.  Math.-Phys.  Classe. 
XII.  No.  4.     Berichte.  1879.    8vo.  Leipzig  1880.     PhU.-  Hist. 
Classe  Verhandlungen.  1879.  1,  2.  8vo.  Leipzig  1880. 

The  Society. 

London  : — Epping   Forest    Field   Club.      Inaugural    Address    by 

Raphael  Meldola.  8vo.  Buckhurst  HUl  1880.  The  Author. 

Geological  Society.     Quarterly   Journal.  Vol.   XXXVI.    Part  2. 

Abstracts  of  the  Proceedings.  Nos.  374-387.  8vo.  London  1880. 

The  Society. 
Mathematical      Society.      Proceedings.     Nos.     156-158.      8vo. 

The  Society. 
Society  of  Antiquaries.    Archssologia.  Vol.  XLV,  Part  2  ;  XLVl, 

Part  1.  4to.  London  1880.  The  Society. 

University  College.     Physiological  Laboratory.  Collected  Papers. 

1876.  No.  2.  The  Laboratory. 

Victoria   Institute.     Journal  of   the   Transactions.     Vol.    XIV. 

No.  53.  8vo.  London  1880.  The  Institute. 

Moscow  : — Societe    Imp6ria1e  des   Naturalistes.     Bulletin.     Annee 

1879.  No.  3.  8vo.  Moscou  1880.  The  Society. 

Paris : — ficolo  des  Mines.     Annales  des  Mines.     Tome  XVI.   Livr. 

5,  6.     Tome  XVII.  LivT.  I.  8vo.  Paris  1879-80.  L*ficole. 

Societe  Academique  Indo-Chinoise.     Actes.    Ann^  1877,  dernier 

trimestre ;  1878    1879.  ler  semestre.  8vo.  Paris  1879. 

The  Society. 
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SociutL^  de  Guographie.     Bulletin.     Oct.-Dec,  187i».  Jan.,   Fev., 

1880.  870.  Pang  1879-80.  The  SocJotj. 

Socioti3  Fraii9aise  de  Physiqae.     Stances.     Mara-Mai,  Join-Dec. , 

li^i'.K    8vo.   Paris.    1879-80.     Reaumca  des  CommaoiBstio&s. 

8vo.  The  Society. 

Penzancf ; — Eoyal  Geological  Society  of  Cornwall.     TransactionB. 

Vol.  X.  Part  2.  8vo.  Penzance  1679.  The  Societj. 

Pli!la(lc;li)hia  : ^Numismatic     and     Antiquarian      Society.       Somo 

Jlmk-rn  Monetary  Questions,  &c.  8vo.  PhilaJel^ihia  1880. 

TLe  Society. 

Koiiie  : — 11.  Aoeademia  dci  Lincei.     Atti.  Tranaonti.    Serie  Teraa. 

Vol.  IV.  Fasc.  2-5.     4to.  Roma  1880.  The  Academy. 

K.  Coinitato  Geologico.     Bollcttino.     2ft  Serie.     No.  I  e  2.     8vo. 

lioma  1880.  Tlio  Society, 

Sydney  : — Limican  Society  of   New  South    Wales.      Procoedinga. 

Vol.  rv.     Part  3.    8vo.  Svdnfi,  1879.  Tb«  Society. 

Vic'iin.a  :— Ant iiropologi ache    GeBelisehaft.      Mittheilungen.      Band 

IX.     Nr  ■1-12  and  Title-Page,  &c.    8to.  TFiei*  188U.  Ausserop- 

,U-iiiliche  Beilage.  8vo.  The  Society. 

K.    K.    Gt'ologische    Beiehsanstalt.      Jahrbnob.      Band    XXIS^ 

XXX.  8vo.     Wien    1879-80.     Verhandinngen.      Jabrg.    187». 

Xi>.  I.j-IT;  1880.  No.  1-.5.     8vo.  TFi«i  1879-80. 

The  Insti  tattoo. 

K.  K,  /.ODioj^'isch-botaniscbe  Gcsellschaft.    Verhandinngen.  Band 

XXIX,    8TO.  ir^ii  1880.  The  Society, 

WiiiKliiii  ,' : — I'liysikal.-Medcin.        Giesellaehaft.       VerhancUnngeo. 

:Sr,u-  Fol^;,-.    Band  XIV.    Heft  1,  2.     8™.  WUrzhunj  1880. 

The  Society. 
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IJui-liu  :— Kiiu.    Stemwart«.  Astronomieches  Jahrbacb,  1882.    8vov 

/;,  ri;„  Isso.  The  Obsorvatory. 

Itniss.ls  -. — Commission   de  la  Carte    Geolofriqno   do  la   Belgiqne, 

■I'lmv  Cliart.s,  Folio ;  and  Teste  EiplicatiC.  8to.  Bru.rMeg  1880.. 

The  Commisaion, 

l.iiiiiloEi  :— Mi'ti'orological  Oflacc.     Hourly  Readings  from  the  Sdf> 

l{fi(irdiu|,'  I II  strum  on  tfi.     Jan. -March,  1879.     Folio. 

TheOfBoa. 

Sh.iiihirds  OiTicc.     Memorandum  on  an  EKamination  of  Standard 

.Mi'iisiiri'sof  Length  for  the  Rnmford  Committee  of  thi;  Amerioaa 

.\faik'iiiy.     Polio.  The  Office^ 

Muiitr.'di:— teuton    Celebration.     Catalogue  of  MSS.,    Ac.      8vO. 

M.;ilrr,il  187;.  L.  A.  llugnot-Ltttottr.. 
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Obeervations,  &c.  (continued). 

Paris  : — Gomite  International  des  Poids  et  Mesnres.  Proc^Verbanx 

des  Stances.  1879.     870.  Paris  1880.  The  Commission. 

Direction  de  TAdministration  Generate.     Bulletin  de  Statistiqne 

Mnnicipale.     Oct.-Dec.,  1879.     4to.  Paris,  The  Direction. 

Depot  de  la  Marine.     Publications   Nos.    4471,  6022»,  602c,  602<i, 

603-609,  615  ;  and  39  Charts.  Le  D^p6t. 

Sydney  : — Intercolonial    Meteorological    Conference.      Minutes   of 

Proceedings.     4to.  Sydney  1879.  The  Conference. 

Zi-ka-wei  : — Observatoire.      Bulletin    Monsuel.     Sept. -No v.    1879. 

4to.  Le  Typhon  du  31  Juillet,  1879.  par  Le  P.  Marc  Dechevrens, 

S.J.    4to.  Zi-ka^toei  1879.  The  Observatory. 

Ziirich  : — Sternwarte.      Astronomische     Mittheilungen.     von    Dr. 

Rudolf  Wolf.     pp.  269-284.  8vo.  The  Observatory. 


Carmichael  (Neil),  M.D.  An  Experimental  Investigation  into  the 
Trap  System,  and  its  relation  to  Sewage  Products.  Svo* 
Glasgow  1880.  The  Author. 

Corfield  (W.  H.),  M.D.     Health.     8vo.  London  1880.     The  Author. 

Hensley  (W.  B.)  Diagnoses  Plantarum  Novarum.  Pars  Tertia. 
8vo.  Lomhn  1880.  The  Author. 

Kingzett  (C.  T.)     Nature's  Hygiene.     8vo.  London  1880. 

The  Author. 

Pasquale  (G-.  A.)  Su  di  Alcuni  Yasi  Propri  della  Scagliola  (Phalaris 
Canariensis) .     4to.  Napoli  1880.  The  Author. 

<2uetclet  (Ernest)  Rechcrches  sur  les  Mouvements  de  1* Aiguille 
aimanteo  a  Bruxelles.     4to.  Bruxelles  1879.  The  Author. 
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Observations,  &c.  (continued). 

Paris : — Comity  International  des  Poids  et  Mesures.  Proo^Verbanx 

des  Stances.  1879.     8vo.  Parts  1880.  The  Commission. 

Direction  de  TAdministration  G^n^rale.     Bulletin  de  Statistiqne 

Mnnicipale.     Oct.-Deo.,  1879.     4to.  Parii,  The  Direction. 

D6pdt  de  la  Marine.     Publications  Nos.   4476,  6026,  602c,  602d, 

603-609,  615 ;  and  39  Charts.  Le  Dipbi, 

Sjdnej  : — Intercolonial    Meteorological    Conference.      Minutes   of 

Proceedings.    4to.  Sydney  1879.  The  Conference. 

Zi-ka-wei : — Observatoire.      Bulletin    Mensuel.     Sept.-Nov.   1879. 

4to.  Le  Tjphon  du  31  Juillet,  1879.  par  Le  P.  Msjrc  Dechevrena, 

S.J.    4to.  Zi-Jca^wei  1879.  The  Observatory. 

Zurich  : — Stemwarte.     Astronomische     Mittheilungen.     von    Dr. 

Rudolf  Wolf.    pp.  269-284.  8vo.  The  Observatory. 


Carmichael  (Neil),  M.D.   An   Experimental   Investigation  into  the 

Trap    System,  and    its   relation   to    Sewage    Products.      8vo. 

Glasgow  1880.  The  Author. 

Corfield  (W.  H.),  M.D.     Health.     8vo.  London  1880.    The  Author. 
Hensley    (W.  B.)     Diagnoses    Plantarum  Novamm.    Pars  Tertia. 

8vo.  London  1880.  The  Author. 

Eingzett  (C.  T.)     Nature's  Hygiene.     8vo.  London  1880. 

The  Author. 
Pasquale  (0.  A.)     Su  di  Alcuni  Yasi  Propri  della  Scagliola  (Pkakuris 

Canariensis).    4to.  Napoli  1880.  The  Author. 

Quetelet  (Ernest)     Recherches  sur   les    Mouvements    de    rAigniUe 

aimantee  k  Bruxelles.    4to.  Bruxelles  1879.  The  Author. 
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June  10,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  received  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Dr.  John  Attfield,  Dr.  Clifford  Allbutt,  Rev.  William  Henry  Dal- 
linger,  Mr.  William  Turner  Thiselton  Dyer,  Lient.-Col.  Henry 
Haversbam  Godwin-Austen,  Prof.  David  Edward  Hughes,  Mr.  Henry 
M.  Jeffery,  Mr.  J.  Fletcher  Moulton,  and  Dr.  John  Rae  were  admitted 
into  the  Society. 

The  following  Papers  were  read : — 

I.  **  On  a  Fourth  State  of  Matter,"  in  a  letter  to  the  Secretary. 
By  W.  Crookes,  F.R.S.    Received  May  17,  1880. 

7,  Kensington  Park  Oardens,  London,  W., 

April  29,  1880. 
Dear  Professor  Stokes, 

In  introducing  the  discussion  on  Mr.  Spottiswoode  and  Mr.  Monlton's 
paper  on  the  **  Sensitive  State  of  Vacuum  Discharges,*'  at  the  meeting 
of  the  Royal  Society  on  April  15th,  Dr.  De  la  Rue,  who  occupied  the 
chair,  good-naturedly  challenged  me  to  substantiate  my  statement 
that  there  is  such  a  thing  as  a  fourth  or  ultra-gaseous  state  of  matter. 

I  had  no  time  then  to  enter  fully  into  the  subject ;  nor  was  I  pre* 
pared,  on  the  spur  of  the  moment,  to  marshal  all  the  ^ts  and  reasons 
which  have  led  me  to  this  conclusion.  But  as  I  find  that  many  other 
scientific  men  besides  Dr.  De  la  Rue  are  in  doubt  as  to  whether  matter 
has  been  shown  to  exist  in  a  state  beyond  that  of  gas,  I  will  now 
endeavour  to  substantiate  my  position. 

I  will  commence  by  explaining  what  seems  to  me  to  be  the  constitu- 
tion of  matter  in  its  three  states  of  solid,  liquid,  and  gas. 

I.  First  as  to  Solids : — These  are  composed  of  discontinuous  mole- 
cules, separated  from  each  other  by  a  space  which  is  relatively  large — 
possibly  enormous— in  comparison  with  the  diameter  of  the  central 
nucleus  we  call  molecule.  These  molecules,  themselves  built  up  of  atoms, 
are  governed  by  certain  forces.  Two  of  these  forces  I  will  here  refer 
to — attraction  and  motion.  Attraction  when  exerted  at  sensible  dis- 
tances is  known  as  (jratniation,  but  when  the  distances  are  molecular  it 
is  called  adhesion  and  cohesion.  Attraction  appears  to  be  independent 
of  absolute  temperature;   it  increases  as  the  distance  between  the 

2l2 
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molec'tilcs  diminishes  ;  and  wei^e  there  no  other  counteracting  force  the 
result  would  be  a  mass  of  molecnlea  in  actual  contact,  with  no  mole- 
cular movement  whatever — a  state  of  thinffs  beyond  onr  conception — 
a  state,  too,  which  would  probably  result  in  the  creation  of  eomotliing 
that,  according  to  oar  present  views,  would  not  be  matter. 

This  force  of  cnhonion  is  counterbalanced  by  the  movements  of  the 
individual  molecnlns  themaelvea,  movements  varying  directly  with  tho 
temperature,  increasing  and  diminishing  in  amplitude  as  the  tempera* 
ture  rises  and  falls.  The  molecnlea  in  solids  do  not  travel  from  one 
part  to  another,  bnt  possess  adhesion  and  retain  fixity  of  position  sbout 
their  centres  of  oaeillation.  Matter,  as  we  know  it,  has  so  high  ad 
absolute  tenipcmtttre  that  the  movements  of  the  molecnles  are  Urijf©  in 
comparison  with  their  diameter,  for  the  mass  must  be  able  to  bcnr  a 
reduction  of  temperature  of  nearly  300°  C.  before  the  amplitude  of 
the  molecular  esciirsiona  would  vanish. 

The  state  of  acjlidity  therefore — the  state  which  we  are  in  the  habit 
of  coiisideriiitf  par  exoellence  as  that  of  matler — ia  merely  the  effect  on 
our  senses  of  the  motion  of  tho  discrete  molecnlea  among  themselirea. 

Soli'ls  exist  of  all  consistences,  from  the  hardest  metal,  the  moai 
elastic  crystal,  down  to  thinnest  jelly.  A  perfect  solid  would  have  no 
viscosity,  i.e.,  when  rendered  discontinuous  or  divided  by  the  forcibl* 
passage  of  a  hnrder  solid,  it  would  not  close  up  behind  and  MniB 
become  continuous. 

In  solid  Ixjdics  the  cohesion  varies  according  to  some  unknown  factor 
which  sve  call  cliumical  constitution ;  hence  each  kind  of  solid  mottar 
n'i[iiires  raising  to  a  different  temperature  before  the  oacillatinjr  WOla. 
culcs  lose  their  fixed  position  with  reference  to  one  another.  At  thii 
point,  varying  in  different  bodies  through  a  very  wide  range  of  tenn* 
poraluiv,  the  solid  becomes  liquid. 

ir.  In  liqniiU  the  force  of  cohesion  ia  very  much  reduced,  and  *.fc»' 
adhesion  or  the  fixity  of  position  of  the  centres  of  oscillation  of  4)^ 
molcrules  is  desiti-oyed.  When  artificially  heated,  the  inter-moleoolMb 
movements  increase  in  proportion  as  tho  temperature  rises,  ontO  w 
last  (-ohi'sinn  is  broken  down,  and  the  molecules  fly  offinto  apaoe  widL 

I,i(|uid-i  possi>s9  the  property  of  viscosity — that  ia  to  say,  they  oS^r 
a  certain  o]>|Hisitio!i  to  the  passage  of  solid  bodies;  at  the  same  tuM> 
they  cannot  jicrmancntly  resist  such  opposition,  however  alight,  if  oa^t, 
tiniiimslv  applied.  Liquids  vary  ia  consistency  from  the  bard,  brittkL, 
nji|Kir<'ntly  SLiliii  |>itch,to  tho  lightest  and  most  ethereal  liquid  capnlilB 
of  existinij  at  ariy  pnrticalar  temperature. 

The  st:itc  of  liquidity,  therefore,  is  due  to  intcr-molecular  motiooa  ot 
n  l:iri;>'r  and  mure  tumultuous  character  than  those  which  chanutdRHi 
the  soliil  stale. 

III.  In  gases  the  molecules  fly  about  in  every  conceivable  dii 
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with  constant  collisions  and  enormous  and  constantly  varying  velocitieSi 
and  their  mean  free  path  is  sufficiently  great  to  release  them  from  the 
force  of  adhesion.  Being  free  to  move,  the  molecules  exert  pressure  in 
all  directions,  and  were  it  not  for  gravitation  they  would  fly  off  into 
space.  The  gaseous  state  remains  so  long  as  the  collisions  continue  to 
be  almost  infinite  in  number,  and  of  inconceivable  irregularity.  The 
state  of  gaseity,  therefore,  is  pre-eminently  a  state  dependent  on  col* 
lisions.  A  given  space  contains  millions  of  millions  of  molecules  in 
rapid  movement  in  all  directions,  each  molecule  having  millions  of 
encounters  in  a  second.  In  such  a  case,  the  length  of  the  mean  free 
path  of  the  molecules  is  exceedingly  small  compared  with  the  dimen* 
sions  of  the  containing  vessel,  and  the  properties  which  constitute  the 
ordinary  g^asoous  state  of  matter,  which  depend  upon  constant  colli* 
sions,  are  observed. 

What,  then,  are  these  molecules?  Take  a  single  lone  molecule 
in  space.  Is  it  solid,  liquid,  or  gas?  Solid  it  cannot  be,  because 
the  idea  of  solidity  involves  certain  properties  which  are  absent  in 
the  isolated  molecule.  In  fact,  an  isolated  molecule  is  an  incon- 
ceivable entity,  whether  we  try,  like  Newton,  to  visualize  it  as  a  little 
hard  spherical  body,  or  with  Boscovich  and  Faraday,  to  regard  it  as 
a  centre  of  force,  or  accept  Sir  William  Thomson's  vortex  atom.  But 
if  the  individual  molecule  is  not  solid,  a  fortiori  it  cannot  be  regarded 
as  a  liquid  or  gas,  for  these  states  are  even  more  due  to  inter-moleoular 
collisions  than  is  the  solid  state.  The  individual  molecules,  therefore, 
must  be  classed  by  themselves  in  a  distinct  state  or  category. 

The  same  reasoning  applies  to  two  or  to  any  number  of  contiguous 
molecules,  provided  their  motion  is  arrested  or  controlled,  so  that  no 
collisions  occur  between  them  ;  and  even  supposing  this  aggregation 
of  isolated  non-colliding  molecules  to  be  bodily  transferred  from  one 
part  of  space  to  another,  that  kind  of  movement  would  not  thereby 
cause  this  molecular  collocation  to  assume  the  properties  of  gas;  a 
molecular  wind  may  still  be  supposed  to  consist  of  isolated  molecules, 
in  the  same  way  as  the  discharge  from  a  mitrailleuse  consists  of 
isolated  bullets. 

Matter  in  the  fourth  state  is  the  ultimate  result  of  gaseous  expan- 
sion. By  great  rarefaction  the  free  path  of  the  molecules  is  made  so 
long  that  the  hits  in  a  given  time  may  be  disregarded  in  comparison 
to  the  misses,  in  which  case  the  average  molecule  is  allowed  to  obey 
its  own  motions  or  laws  without  interference ;  and  if  the  mean  free 
path  is  comparable  to  the  dimensions  of  the  containing  vessel,  the 
properties  which  constitute  gaseity  ai*e  reduced  to  a  minimum,  and 
the  matter  then  becomes  exalted  to  an  ultra-gaseous  state. 

But  the  same  condition  of  things  will  be  produced  if  by  any  means 
we  can  take  a  portion  of  gas,  and  by  some  extraneous  force  infuse 
order  into  the  apparently  disorderly  jostling  of  the  molecules  in  every 
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direction,  by  coercini^  them  into  a  methodical  rectilinear  movemeilt. 
This  I  have  shown  to  be  the  case  in  the  phenomenH  which  caiue  tit* 
movements  of  Ihc'  radiometer,  and  I  have  rendered  aach  motioD  Tteible 
in  my  later  researcheB  on  *he  negative  discharge  in  Tacaum  talx^, 
In  the  one  ease  the  heated  lamp-black  and  in  the  other  the  electrically 
excited  negative  pole  supplies  the  force  majeure  which  entirely  or 
partially  changes  into  a  rectilinear  motion  the  irregular  vibration  in 
all  directions  ;  and  according  to  the  extent  to  which  this  onwai-d  move. 
ment  has  replaced  the  irregular  motions  which  constitute  the  easenoe 
of  the  g'aseoua  condition,  to  tbat  eitent  do  I  consider  that  the  mole- 
cules have  assumed  the  condition  of  radiant  matter. 

Between  the  third  and'  the  fourth  states  there  is  no  ehai-p  lino  of 
demai'cation,  any  raoro  than  there  is  between  the  solid  and  liquid 
slates,  or  the  li'juid  and  gaaeoiis  etatea  ;  they  each  merge  insensibly 
one  into  tlie  oilier.  In  the  fourth  state  properties  of  matter  vrhic^ 
exist  even  in  tUo  third  state  are  shown  directly,  whereas  in  tho  atate 
ot'gns  they  arc  only  shown  iiidireetly,  by  viscosity  and  so  forth. 

of  gases  are  ft  simplification  of  the  effectfl  arwiag 
s  of  matter  in  the  fourth  state  ;  such  a  simplificatioa 
when  the  mean  length  of  path  is  small  compued 
s  of  the  vessel.     For  simplicity's  sake  we  mate* 
individual  molecules,  and  feign  to  our  imai;ina^oa 
'    of   which    the    fandamental     properties  — suoh     H 
the  density,  and  so  forth— are  ascertained  by  vir 
\  nothing  more  than  an  assemblage  of  moleoulM 
a  simplified  point  of  view.      When  we  deal   wiU» 
enijiiiena  ill    which    we  are  obliged  to    contemplate  the   muleculw 
lividnally,  we  must  not  speak  of  the  assemblage  ae  gat, 
'i'hc^j'^  fonsidf  rations  lead  to  another  and  curions  speculation,     Tbs     i 
liii'iilv—  hit. ant; il lie,  invisible,  and  hard  to  be  conceived — is  the  (>nlj    j 
\v  „nill,'r,  nm]   that  which  wo  call  matter  is  nothing  more  thnn  tfa*    A 
(■■t  n|>ni  our  senses  of  the  movements  of  molecules,  or,  ns  Joh^ J 
iiait  iMill  cN|>T-esse3  it,  "  a  permanent  possibility  of  sensation."     TIm[,1 
■ICC   riivored   l)v  the   motion  of  molecules   has   no  more  right  to  tw   ■ 
IitI  miiiiiT  III:. II  the  air  IraverHed  by  a  rifle  bullet  can  be  called  lead     | 
oni  this  puint  of  view,  then,  matter  is  bnt  a  mode  of  motion ;  «(  tbft',  J 
sc.lnt.'   M-r-i   iii   temperature    the   inter-molecular   movement   WObUi.  I 
i[i,  :iiid  aldii>iin;li  siiniething  retaining  the  properties  of  inertia  Bad  \ 
■\\i\\\.  would  riMiiiun,  vialliir,  as  we  know  it,  would  cease  to  exist. 
Believe  me. 

Dear  Professor  Stokks. 

Very  sineeivly  youm, 

WILLIAM  CROOKES. 
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II.  **0u  Bacterium  fastidum:  an  Organism  associated  with 
Profuse  Sweating  from  the  Soles  of  the  Feet."  By  Oboroe 
This,  M.D.  Communicated  by  Professor  Huxley,  Sec.  R.S. 
Received  May  12,  1880.» 

[Pliti  6.] 

The  feet  of  certain  individuals  are  characterised  by  a  peculiar 
powerful  and  fcetid  odour.  This  odour,  although  it  is  usually  believed 
to  be  connected  with  the  sweat  from  the  feet,  is  really  connected  with 
the  moisture  that  soaks  the  soles  of  the  stockings  and  the  inside  of 
the  boots.  The  moisture,  which  comes  from  the  skin  of  the  soles,  espe* 
daily  from  that  of  the  heels,  has  no  offensive  smell  whilst  it  is 
exading,  but  it  rapidly  acquires  the  characteristic  odour  when  taken 
up  by  the  stocking. 

The  fluid  is  not  pure  sweat,  but  is  an  admixture  of  sweat  with 
serous  exudation  from  the  blood.  This  admixture  occurs  in  persons 
whose  feet  sweat  profusely,  and  who,  from  much  standing  or  walking, 
acquire  an  erythematous  or  eczematous  condition  of  the  skin  of  the 
soles,  the  local  erythema  or  ecsema  being  favoured  by  the  softening 
and  macerating  effect  of  the  sweat  on  the  epidermis.  That  the  fluid 
is  not  sweat  is  shown  by  its  reaction.  In  the  case  which  furnished  me 
with  an  opportunity  for  investigation  the  reaction  with  litmus  p^>er 
applied  to  the  wet  heel  was  very  faintly  alkaline,  the  fluid  in  the 
stocking^  and  on  the  inner  surface  of  the  sole  of  the  boot  being  more 
decidedly,  but  still  faintly,  alkaline.  At  the  same  time  the  sweat  on 
other  parts  of  the  body  was  acid. 

When  a  small  portion  of  the  sole  of  the  wet  stocking  was  teased 
out  in  water,  the  drop  of  water  was  found  to  be  swarming  with  minute 
spherical  bodies,  many  of  them  being  in  pairs,  fairly  equal  in  sise  and 
refracting  light  uniformly.  Clusters  or  colonies  of  them  were  lying  on 
hollow  parts  of  the  cotton  fibres.  These  bodies  I  shall  in  this  paper 
call  micrococci,  implying  by  that  term  no  more  than  that  they  were 
spherical,  that  they  were  found  singly  and  in  pairs,  and  that  they  were 
capable  of  development.  No  rod-shaped  bacteria  were  found  in  the  drop. 

Having  made  more  than  one  exsmination,  and  finding  the  mierocooot 
always  present,  I  inoculated  with  them  a  drop  of  pure  vitreoos 
humour,  and  placed  it  over  a  cell  prepared  in  the  usual  manner.  The 
cells  were  kept  at  a  temperature  of  from  96^  to  98^  F.,  and  within 
twenty.four  hours  appearances  were  observed  which  showed  that  the 
micrococci  (or  spores)  were  developing  after  the  fashion  in  which  the 
spores  of  the  BacUlui  anthraeis  are  known  to  develop.     In  order  to 

*  Thi«  paper  records  the  results  of  one  of  a  series  of  inrettigatioiis  on  the  paia- 
sites  that  infest  the  hnmmn  skin,  the  expenses  connected  with  which  hsTe  been 
defmjed  hj  the  Soientiftc  (Hants  Committee  of  the  British  Medionl  Assocition. 
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study  more  conrenientlj  the  different  forms  aaanined  by  the  orgunism 
when  under  cultivation,  it  waa  grown  for  successive  gL'nerutiona  in 
pure  vitreous  humour,  contained  in  pare  l«Bt  glasses,  and  kept  at 
96°  to  9S"  F. 

The  glasses,  fitted  with  glass  cape,  and  covered  hy  a  larger  protecting 
glass,  were  placed  on  amall  glass  squares  and  pnrified  by  being  kept  at 
a  temperature  over  800°  F.  for  about  two  hours.  The  flasks  for  tbe 
vitreous  humour  were  protected  by  carboUsed  cotton  wool  and  aimi- 
larly  heated.  The  vitreous  hnmonr  waa  obtained  by  collection  &om  OX 
and  sheep's  eyes.  It  waa  squeezed  throng-h  fine  muslin,  and  intro* 
duccd  with  proper  precautious  to  a  pare  flask,  which  was  then  placed 
for  half  an  iiour  tu  boiling  water.  All  the  apparatus  used  and  tha 
method  of  esperimenting  were  modelled  after  those  described  b]f 
Mr.  Lister  in  a  paper  on  the  lactic  fermentation  in  the  twenty-ninth 
volume  of  the  "  Transactions  of  the  Pathological  Society  of  London," 
It  was  ascertained  that  milk,  vitreous  humonr,  and  tnmip  infusion,  m> 
prepared  and  protected  by  the  carbolised  cotton  caps,  kept  free  from 
organisms  and  I'etained  their  natural  appearance  and  taste  for  periods 
extending  over  six  weeks, 

A  second  generation  of  the  organism,  which  for  convenience  I  may 
call  Baclmiim  fmtidavi,  was  obtained  by  placing  a  small  piece  of  tluf 
wet  stocking  in  one  of  the  test-glasses,  charged  with  pure  vitreoQB 
humour.  This  and  all  the  succeeding  generations  were  cultivated  at  s 
temperature  which  varied  between  34°  and  98°  F.  The  sncceasir* 
generations  were  obtained  by  inoculating  pure  vitreouB  humonr,  with 
requisite  precautions. 

Ill  twenty-four  hours  the  surface  of  the  vitreous  humour  was  always 
found  covHi'ed  with  a  delicate  scum,  which  in  forty-oight  houTB  WM 
compact  and  tolerably  resistant. 

In  the  scum  of  one  day's  growth  aod  in  the  tinid  below  it  organtBini 
were  found  as  cocci,  single  and  in  pairs,  in  transition  stages  towards 
rod  formation,  as  single  and  jointed  rods,  and  as  elongated  single  rods, 
JIany  of  the  hhIs  were  actively  motile. 

The  compact  scum  of  two  days'  growth  wns  sufficiently  resistant  to 
be  R-movcd  in  an  unbroken  sheet.  When  disturbed  by  the  needlo  it 
fell  to  the  bottom  of  the  glass.  It  was  found  to  contain  all  the  forma 
founii  in  the  twenty-four  hours'  growth,  and  in  addition  long  unbroken 
riid^  in  Ifiinsiticm  stages  towards  the  formation  of  chains  of  spores. 

Spores  were  also  found  lying  beside  the  empty  and  partially  empty 
sheaths  from  which  they  had  been  discharged.  Groups  of  siogis 
sj>ores  mid  puirs.  identical  iii  size  and  appearance  with  those  whidi 
had  come  to  maturity  in  the  sheaths,  were  found  mixed  up  with  rods 
in  all  phases  of  development. 

As  no  ijiilividua)  coccus  or  rod  was  kept  under  continuous  observa* 
tion,  the  process  of  growth  cau  only  be  inferred  by  comparing  tib« 
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yarioQS  forms  with  each  other,  and  thus  tracing  the  sncoessiye  stages 
in  the  developmeut. 

Examples  of  these  different  stages  were  drawn  (Plate  6),  and  with 
the  assistance  of  the  figures  I  shall  endeavonr  to  describe  what  I 
believe  to  be  the  order  of  succession. 

The  first  stage  is  undoubtedly  the  production  of  a  pair  from  a  single 
ooocus.  The  individuals  of  the  pair  were  sometimes  found  so  closely 
associated  that  there  was  no  independent  movement  in  each  member, 
in  some  a  distinct  movement  of  each  could  be  observed,  whilst  in  others 
the  union  was  so  loose  that  there  was  a  perceptible  distance  between 
them,  and  they  oscillated  round  each  other,  connected  undoubtedly  by 
a  band  of  union  which  with  the  microscope  I  employed  was  not  dis* 
tinctly  visible. 

The  next  stage  I  take  to  be  that  in  which  the  whole  body  is  wedge* 
shaped,  the  round  brightly  refractive  coccus  being  found  in  the  thick 
end  of  the  wedge.  Another  phase  which  is  probably  the  successor  of 
the  preceding  one,  is  the  appearance  of  a  canoe-shaped  figure  with  the 
bright  coccus  in  the  centre.  In  one  of  these  canoe-shaped  bodies 
Mr.  Knowsley  Thornton  and  myself  observed  two  of  the  bright  refrac- 
tive bodies  in  active  oscillation  in  the  centre  of  the  canoe ;  one  and 
then  two  being  successively  visible  according  to  their  relative  position. 
The  canoe-shaped  envelope  itself  was  motionless  (the  preparation  was 
a  permanent  one  sealed  in  diluted  Goadby's  solution),  and  Mr. 
Thornton  was  able  to  draw  it  with  the  camera.     (See  fig.  2,  a,  6.) 

Other  appearances  eonnected  with  the  early  stage  of  development, 
and  probably  following  the  wedge  and  canoe-shaped  figures,  show  the 
organism  developed  into  a  staff-shaped  body,  containing  two  elements 
of  very  different  refractive  power.  The  coccus  element  is  still  distinct 
and  is  brightly  refractive,  the  other  element  is  very  slightly  refraotivo 
and  is  seen  as  a  dull  shade,  with  however  perfectly  distinct  outlines. 

The  latter  element  it  may  be  convenient  to  term  protoplasm,  using 
the  word  merely  to  express  the  idea  of  an  element  which  is  distinct 
from  the  coccus  and  the  sheath.  The  relative  positions  of  the  coccus 
or  cocci  and  the  protoplasm  are  various. 

The  coccus  may  be  at  one  end  of  the  rod,  two  cocci  may  be  in  the 
centre  close  together  with  a  prolongation  of  protoplasm  on  either  side, 
or  a  central  rod  of  protoplasm  may  have  a  coccus  at  either  end. 
(Fig.  2.) 

In  the  next  stage  we  have  the  formation  of  the  rods  charaoteristio 
of  bacteria.  The  distinction  between  the  coccus  and  the  protoplasm 
becomes  lost,  although  transitions  are  found  in  which  faint  differences 
of  refraction  still  betray  the  two  elements.  At  this  stage,  in  the 
double  flail-shaped  rods,  the  one  member  sometimes  refracts  differently 
from  the  other,  the  development  being  evidently  in  a  different  stage. 
The  numerous  two-,  three*,  and  four-jointed  rods  attached  to  each 
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other  by  a  yielding  ela-^tic  aubstaDce,  wlijcli  is  very  faintly  refractti 
coiiiplote  the  mL'tamorphosis  from  the  coccns  to  the  rod.  -  i 

Tlie  dovelopraent  of  the  rod  appeftra  to  take  place  in  two  directioi 
In  the  one  there  is  a  formation  of  small  segments  whose  fate  it  seod 
to  be  to  be  si^t  free  from  each  other  (fig.  6) ;  whilst  in  the  otfaef' 
formation  of  sjiorea  is  introdaced  by  a  series  of  preliminary  changoi 
The  latter  process  begins  by  a  lengthening  ont  of  the  rod,  wbiob  i 
frequently  fonnd  of  great  comparative  length.  (These  long  rods  aj 
naturally  liable  to  be  broken  in  the  preparation,  bat  on  iden  of  thd 
length  may  bo  formed  from  fig  5,  a.) 

After  the  rods  have  attained  a  certain  length,  the  protopl 
divides  into  separate  portions  in  the  tube  (fig.  5,  b,  e). 
refractive  sphci-oa  then  appear  in  the  separate  portions,  bn 
fonnd  occiisionHlly  in  a  long  rod  before  the  proto[>lasm  has  separntoi 
into  segments  (figs.  7,  a,  and  B,  a).  The  delicate  wall  of  the  tab 
remains  in  the  meanwhile  entire.  _ 

The  next  stnge  is  represented  by  tnbee,  in  which  the  fipores  mm 
densely  packed,  that  they  almost  touch  (fig.  8,  h),  the  wall  of  thetd 
being,  however,  still  -x-isible.  ^ 

Two  aiipearances,  which  were  seen  dnring  the  examination  a 
fresh  specimens,  but  were  not  noticed  in  the  permanent  prepam 
tions,  have  not  been  drawn.  I  several  times  observed  tabes  fill* 
with  spores,  in  which  faint  narrow  lines  of  different  refraction  oronoi 
tlie  tubf  l>etween  the  spores,  gi,ving  the  impression  of  the  existence  a 
a  liyplien.  I  idso  several  times  observed  tabes  partially  emptied  a 
their  K|)Orcs,  the  escaped  spores  lying  beside  the  empty  tulw,  SB) 
rc'semliliiig  in  every  respect  the  spores  still  present  in  the  portiofl 
of  the  liilie  which  had  not  ruptured. 

Amidst  till?  mass  of  rods  and  tubes  in  all  the  different  etagcB  vt}^ 
are  linnid  in  llic  scum,  were  found  dense  masses  of  micrococci. 
they  "ci'i!  set  free  by  manipulation,  and  aaificiently  isolated  tol 
nccur.itcly  observed,  they  were  found  singly  and  in  pairs  (fig.  9),  I 
i'eHeml)lecl  in   si/.e  and  appearance,  not  only  the  spores  whieb  i' 
observed  in  the  ripe  tubes,  but  those  which  were  found  in  then 
of  .be  seeking. 

Sfvend  cultiviitinns  were  made  in  turnip  infusion  from  the  o 
stock  iinil  front  viirious  generations  of  the  vitreous  humour  stock.  Si 
reu'ular  iiutes  were  tjikeu  of  these  cultivations,  but  I  can  atate  that  (b 
liiicteriiiiii  wbiist  it  grows  in  turnip  infusion  grows  less  actively  tiau 
in  vitivniis  buniimr.  It  took  from  three  to  five  days  (at  the  sam 
toiiiperafuro  at  ishich  the  other  cultivations  were  made)  before  a  pet 
ce]itible  NCuni  a;i[>t'ared  on  the  surface  of  the  fluid,  and  then  the  MntB 
was  not  so  tliick  as  after  a  cultivation  of  half  the  time  in  vitittQg 
humour.  All  the  lengths  of  rod  formation  were  found,  bni  ia  BON 
(if  the  jireparations  examined  did  I  find  apores  either  in  the  long  nj 


1880.]  Dr.  G.  Thin.     On  Bacterium  foetidtim.  477 

or  free  in  the  flnid.  In  many  of  the  long  rods  segmentation  of  the 
protoplasm,  bj  which  rod-shaped  masses  of  equal  length  were  formed, 
was  observed,  the  delicate  tnbe  wall  being  continued  from  one  segment 
to  the  other  anbroken.  The  observations  were  not  sufficiently  ex- 
tended to  determine  whether  the  bacterium  forms  spores  when  culti« 
vated  in  turnip  infusion,  bat  they  suffice  to  show  that  if  it  does  occur, 
it  occurs  much  less  actively  than  when  the  cultivation  is  in  vitreous 
humour. 

That  the  foetid  odour  of  the  stocking  is  due  to  the  development  of 
the  bacterium  was  shown  by  the  characteristic  foetor  being  repro- 
duced in  the  cultivation  glasses,  although  the  strength  of  the  odour 
diminished  in  saccessive  generations.  The  flnid  of  the  fourth  genera- 
tion still  smelt  powerfully,  and  was  at  once  recognised  by  several 
persons  who  had  smolt  the  original  piece  of  stocking ;  the  fluid  of  the 
eighth  generation  still  had  the  characteristic  smell,  but  had  it  so  feebly 
that  althoQgh  at  once  recognised  by  myself  and  the  patient  from 
whom  the  stocking  had  been  obtained,  it  was  not  considered  distinctive 
by  a  third  person  who  had  recognised  the  smell  of  the  fourth  genera- 
tion. Mr.  Lister,  to  whom  I  mentioned  this  fact,  informs  me,  and 
authorises  me  to  state,  that  he  has  made  an  analogous  experience  with 
the  Bacterium  lactU,  This  bacterium,  after  being  cultivated  in 
successive  generations  in  urine,  although  it  still  retains  its  capacity  to 
induce  the  lactic  fermentation,  possesses  it  in  a  less  degree  than  when 
it  has  been  grown  in  milk.  The  vitreous  humour  in  a  similar  way 
would  seem  to  be  a  less  favourable  medium  for  the  Bacterium  figtidum 
(in  so  far  as  the  production  of  the  peculiar  odour  is  concerned)  than 
in  the  mixture  of  sweat  and  serum  in  which  it  develops  in  the 
stocking. 

EXPLANATION  OF  TOE  PLATE. 

[Figs.  1,  2,  4,  6,  7,  8,  and  9  are  camera  drawings  bj  Mr.  Knowilej  Thomt<m,  mids 
bv  the  ufie  of  an  excellent  immeraion  objoetire  bj  R.  and  J  Beck,  and 
I  am  much  indebted  to  Mr.  Thornton,  not  onlj  for  these  careful  and 
accurate  drawinfc*,  but  for  Taluable  suggestions  bearing  on  the  subjeet 
of  the  paper.    The  magnif  jing  power  for  these  figures  is  900  dtameCen. 

In  fig.  3  are  forms  drawn  hj  mjself  without  the  camera.  Thej  aiford  no  gnarantet 
of  sixc. 

In  fig.  5,  drawn  bj  mjself,  are  camera  drawings,  as  regards  length  (magnifying 
power  1,000  diameters),  but  thej  gire  no  guarantee  as  regards  breadth.] 

Fig.  1.  The  mi(*rococcus,  from  the  sock  uncultirated.  All  the  other  figures  are 
drawn  from  cultirated  specimens. 

Fig.  2.  Micrococcus  forms  in  development,  a  and  b  show  two  phases  of  the  aame 
object. 

Fig.  3.  a.  Further  stages  in  the  derelopment  of  the  micrococcus ;  b.,  examples  of 
spore  appearances  in  rods. 

Fig.  4.  Elongating  rods. 

Fig.  6.  £k>ngat«d  rods,  three  of  them  showing  segmentation  in  the  protoplsem. 

Fig.  6.  Segmented  rods. 
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or  free  in  the  flnid.  In  many  of  the  long  rods  segmentation  of  the 
protoplasm,  bj  which  rod-shaped  masses  of  equal  length  were  formed, 
was  observed,  the  delicate  tnbe  wall  being  continued  from  one  segment 
to  the  other  unbroken.  The  observations  were  not  sufficiently  ex- 
tended to  determine  whether  the  bacterium  forms  spores  when  culti- 
vated in  turnip  infusion,  bat  they  suffice  to  show  that  if  it  does  occur, 
it  occurs  much  less  actively  than  when  the  cultivation  is  in  vitreous 
humour. 

That  the  foetid  odour  of  the  stocking  is  due  to  the  development  of 
the  bacterium  was  shown  by  the  characteristic  foetor  being  repro- 
duced in  the  cultivation  glasses,  although  the  strength  of  the  odour 
diminished  in  successive  generations.  The  fluid  of  the  fourth  genera- 
tion still  smelt  powerfully,  and  was  at  once  recognised  by  several 
persons  who  had  smelt  the  original  piece  of  stocking ;  the  fluid  of  the 
eighth  generation  still  had  the  characteristic  smell,  but  had  it  so  feebly 
that  although  at  once  recognised  by  myself  and  the  patient  from 
whom  the  stocking  had  been  obtained,  it  was  not  considered  distinctive 
by  a  third  person  who  had  recognised  the  smell  of  the  fourth  genera- 
tion. Mr.  Lister,  to  whom  I  mentioned  this  fact,  informs  me,  and 
authorises  me  to  state,  that  he  has  made  an  analogous  experience  with 
the  Bacterium  lactU,  This  bacterium,  after  being  cultivated  in 
successive  generations  in  urine,  although  it  still  retains  its  capacity  to 
induce  the  lactic  fermentation,  possesses  it  in  a  less  degree  than  when 
it  has  been  grown  in  milk.  The  vitreous  humour  in  a  similar  way 
would  seem  to  be  a  less  favourable  medium  for  the  Bacterium  fixiidum 
(in  so  far  as  the  production  of  the  peculiar  odour  is  concerned)  than 
in  the  mixture  of  sweat  and  serum  in  which  it  develops  in  the 
stocking. 

EXPLANATION  OF  TOE  PLATE. 

[Figs.  1,  2,  4,  6,  7,  8,  and  9  are  camera  drawings  by  Mr.  Knowslej  Thomt<m,  mids 
by  the  use  of  an  excellent  immersion  objoctire  bj  R.  and  J  Beck,  and 
I  am  much  indebted  to  Mr.  Thornton,  not  onlj  for  these  careful  and 
accurate  drawings,  but  for  Taluable  suggestions  bearing  on  the  subject 
of  the  paper.    The  magnif  jing  power  for  these  figures  is  900  dtameCen. 

In  fig.  3  are  forms  drawn  hj  mjself  without  the  camera.  Thej  aiford  no  gnarantet 
of  sixc. 

In  fig.  5,  drawn  bj  mjself,  are  camera  drawings,  as  regards  length  (magnifjing 
power  1,000  diameters),  but  thej  gire  no  guarantee  as  regards  breadth.] 

Fig.  1.  Tlic  mi(*rococcus,  from  the  sock  uncultirated.  All  the  other  figures  are 
drawn  from  cultirated  specimt^s. 

Fig.  2.  Micrococcus  forms  in  dcTelopment.  a  and  h  show  two  phases  of  the  aame 
object. 

Fig.  3.  a.  Furtlier  stages  in  the  derelopment  of  the  micrococcus ;  6.,  examples  of 
spore  appearances  in  rods. 

Fig.  4.  Elongating  nxls. 

Fig.  6.  Ek>ngated  rods,  three  of  them  showing  eegmentation  in  the  protoplsim. 

Fig.  6.  Segmented  rods. 
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or  free  in  the  flaid.  In  many  of  the  long  rods  segmentation  of  the 
protoplasm,  bj  which  rod-shaped  masses  of  eqnal  length  were  formed, 
was  observed,  the  delicate  tube  wall  being  continued  from  one  segment 
to  the  other  unbroken.  The  observations  were  not  snfficientlj  ex- 
tended to  determine  whether  the  bacterinm  forms  spores  when  culti- 
vated  in  turnip  infusion,  but  they  suffice  to  show  that  if  it  does  occur, 
it  occurs  much  less  actively  than  when  the  cultivation  is  in  vitreous 
humour. 

That  the  foetid  odour  of  the  stocking  is  due  to  the  development  of 
the  bacterium  was  shown  by  the  characteristic  foetor  being  repro- 
duced in  the  cultivation  glasses,  although  the  strength  of  the  odour 
diminished  in  successive  generations.  The  fluid  of  the  fourth  genera- 
tion still  smelt  powerfully,  and  was  at  once  recognised  by  several 
persons  who  had  smelt  the  original  piece  of  stocking ;  the  fluid  of  the 
eighth  generation  still  had  the  characteristic  smell,  but  had  it  so  feebly 
that  although  at  once  recognised  by  myself  and  the  patient  from 
whom  the  stocking  had  been  obtained,  it  was  not  considered  distinctive 
by  a  third  person  who  had  recognised  the  smell  of  the  fourth  genera- 
tion. Mr.  Lister,  to  whom  I  mentioned  this  fact,  informs  me,  and 
authorises  me  to  state,  that  he  has  made  an  analogous  experience  with 
the  Bacterium  Inctis.  This  bacterium,  after  being  cultivated  in 
successire  generations  in  urine,  although  it  still  retains  its  capacity  to 
induce  the  lactic  fermentation,  possesses  it  in  a  less  degree  than  when 
it  has  been  grown  in  milk.  The  vitreous  humour  in  a  similar  way 
would  seem  to  be  a  less  favoarable  medium  for  the  Bacterium  fixiidum 
(in  so  far  as  the  production  of  the  peculiar  odour  is  concerned)  than 
in  the  mixture  of  sweat  and  serum  in  which  it  develops  in  the 
stocking. 

EXPLANATION  OF  THE  PLATE. 

[Figs.  1,  2,  4,  6,  7,  8,  and  9  are  camera  drawings  by  Mr.  Knowslej  Thomt<m,  mids 
by  the  use  of  an  excellent  immersion  objective  bj  R.  and  J  Beck,  and 
I  am  much  indebted  to  Mr.  Thornton,  not  onlj  for  these  careful  and 
accurate  drawings,  but  for  raluable  suggestions  bearing  on  the  subject 
of  the  paper.    The  magnif  jing  power  for  these  figures  is  900  diameters. 

In  fig.  3  are  forms  drawn  bj  mjrself  without  the  camera.  Thej  afford  no  guarantee 
of  site. 

In  fig.  5,  drawn  bj  myself,  are  camera  drawings,  as  regards  length  (magnifjing 
power  1,000  diamoten),  but  they  give  no  guarantee  as  regards  breadth.] 

Fig.  1.  The  micrococcus,  from  the  sock  unculti rated.  All  the  other  figures  are 
drawn  from  cultirated  specimens. 

Fig.  2.  Micrococcus  forms  in  dcrelopment.  a  and  h  show  two  phases  of  the  same 
object. 

Fig.  3.  a.  Furtlker  stages  in  the  dcrelopment  of  the  micrococcus  ;  h.,  examples  of 
spore  appearances  in  rods. 

Fig.  4.  Elongating  rtxls. 

Fig.  6.  Elongated  rods,  three  of  them  showing  sAgmentation  in  the  protopUim. 

Fig.  6.  Segmented  rods. 
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Tig.  7.  Sfiurcs  in  the  elongated  roJ>  ;  a  U  nD  einmple  of  ■  tingle  apora  formed  ■! 
one  end  of  eacli  lejrmeiit  of  protopliKin. 

Fig.  S.  YuriouB  piloses  of  spore  (cocciii)  formaliun  in  tho  tulwii  a  U  an  azampl*  of 
epheres  in  th«  protoplium  of  on  UDBegmenled  rod ;  h,  cbaitiB  of  spovM 
(or  cocci),  in  Thich  remiuDS  of  tlie  tube,  ultliougli  hardl<r  to  be  nyrr- 
aont«d  clearly  iu  a,  draning  witliout  eiaggemting  the  Bppeanuice,  «• 
^et  distiiictlj  risible.  Li  estimating  the  tiie  of  A,  it  is  to  be  bam#  la 
tnind  that  hath  the  sporea  aad  the  eheath  make  up  the  diraeiiaioin  •! 

Fig.  9.  Mienicacei  or  spores  sei.  fri'c  from  »cuR],  which  is  puiJf  formed  hy  rodft  in 
tlie  TBrious  phai^es  ahun-n  in  the  preceding  figures. 


III.  "  Oil  tlie  State  of  Fluida  at  their  Critical  Temperaturea." 
ily  J.  B.  Hanxay,  F.R.S.E.,  F.C.S.  Communicated  by 
Pr.ifes8or  G.  G.  Stokes,  D.C.L.,  &c.,  Sec.  R.S.  Keceived 
Miij  24,,  1»80. 
In  ciirryiiig  uut  the  inTestigationa  which.  I  commenced  some  yevS 
since  upiiii  tliu  ]iLE!nomeuft  presented  hy  the  flow  of  different  liquid 
thriiugb  unpill.iry  tube»,  the  qneBtion  its  tu  what  constitutes  a  liquid— 
that  is  ill  what  way  it  differa  from  a  gas,  and  how  the  great  varianQs 
of  tlieoiiu'urlieometricai  laws  for  the  two  fluids  can  beexptained — agaia 
iiiid  u^'iiiu  jnx-iieiited  itself  to  me.  Seeing  that  solids  are  solablo  ia 
gases  us  well  as  iu  liquids,  one  of  the  chief  diSereQces  supposed  to 
c'xint  itctween  the  two  sliites  has  disappeared  ;  aud  I  have  been  com* 
pi'lled  to  adopt  ;is  tlie  only  definition  of  a  liquid,  that  it  is  a  fluid  -wlildl 
haa  cohesion.  Professor  James  Thomsou,  F.R.S.,  has  suggested  U 
uiv  tlie  u^e  of  tlie  term,  contractility,  instead  uf  c-ohesiun,  and  ihm 
tiTiii  admintljly  defines  the  liquid  state,  but  fis  it  suggests  (in  a 
liisiiiiit  wiiy  perhaps)  a  voluntary  power,  and  is  used  in  conitexioa 
with  iirguiiised  structures,  I  shall  retain  the  term  cohesion  at  preeeat. 
We  liuve  tlieii  the  two  states  of  fluids,  first,  the  gaseous,  iu  which  ths 
(■i*,c  rira  or  lieiit  energy  of  the  molecules  has  entirely  overcome 
i-olieni^iii,  or  ilieir  matual  atti-action,  and  they  are  prevented  froa, 
giiiiipiiig  ;  iiud  second,  the  liquid  where  the  attractive  power  is  grea(«r 
than  the  ris  ru-a,  iuid  the  molecules  are  enabled  to  group  theaiselvea, 
but  still  ;iiv  ill  suflicieiit  motion  to  prevent  the  grouping  from  bointf 
permuiii'iil,  hence  we  have  cohesion,  but  no  rigidity.  We  do  not  ye* 
know  tliiit  111!  >olids  are  not  also  flaida,  as  many  of  them  are  known  ta 
flow,  but  iliis  itiiiy  be  from  other  causes,  but  we  know  that  the  Bid  id 
Slate  i.s  diiiNii'tensed  by  so  mnch  cohesion  as  ta  produce  more  or  Iflirf 
rigidity.  The  most  iiittresiing  point  in  the  consideration  of  n  lii^aid 
is  tiiiit  iH  whieli  it  approiichea  to  the  gaseous  stivt*,  where  it«  ooheaiMt 
disiip]ie:ii's,  iiiid  we  have  what  Dr.  Andrews  haa  termed  the  oritaoai 
|i(iiiit,  wlilcli  is  the  termination  of  that  pioperty  which  distinjpiialm 
u  liquid  fluid  from  a  gaseoDs  flaid,  or  in  other  worda  the  Uqttid 
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comes  a  gas.  Bat  a  qnesiion  arises.  To  observe  this  disappearance  of 
the  cohesion  of  a  liqnid,  it  is  reqaisite  that  it  shonld  have  a  free  snrface, 
and  this  free  surface  has  till  now  only  been  obtained  bj  arranging  the 
pressure  that  a  portion  of  the  fluid  is  in  the  gaseons  state,  and  this 
only  occurs  at  one  pressure.  Now,  when  the  temperature  of  a  liquid 
ifl  raised  while  it  is  retained  under  very  great  pressure,  so  that  it  never 
has  a  free  surface,  but  is  always  retained  filling  the  vessel,  does  the 
liquid  still  lose  its  cohesion,  and  become  a  gas  at  the  same  tempera- 
ture ;  or,  as  the  pressure  is  increased,  does  the  temperature  at  which 
the  cohesion  of  the  liquid  is  overcome,  also  rise  ?  In  the  former  case, 
the  limit  of  the  liquid  state  would  be  an  isotherm,  in  the  latter,  a  con- 
tinuation of  the  boiling  line.  To  determine  which  is  the  object  of  the 
work  here  described. 

With  proper  precautions,  the  loss  of  cohesion  or  capillarity  can  be 
noticed  very  accurately,  and  the  level  of  the  liquid  in  a  fine  capillary 
tube,  seen  to  coincide  with  the  plane  surface  of  the  liquid  just  before 
the  final  disappearance  of  the  line  of  demarcation.  One  of  the  precau- 
tions to  be  taken  is  to  obtain  equable  temperature,  and  while  in  my  earlier 
experiments,  I  used  a  double  air-bath,  and  considered  this  sufficient  to 
obtain  good  results,  I  subsequently  found  that  by  the  use  of  a  triple 
bath  of  copper,  every  trace  of  irregularity  of  temperature  disappeared, 
and  I  obtained  results  in  which  the  line  of  division  was  admirably 
clear  and  sharp,  and  never  became  broad  and  hazy  as  in  ordinary  ex- 
periments. Another  precaution  to  be  taken  is  to  have  pure  liquids, 
and  this  at  first  sight  might  appear  to  be  an  easy  matter,  but  I  find 
that  in  transferring  a  portion  of  a  pure  liquid  to  a  tube,  the  momentary 
exposure  to  air,  especially  in  the  vicinity  of  the  hands,  hydrates  the 
liquid  sufficiently  to  render  the  line  of  demarcation  rounded,  and  show 
a  slightly  greater  refractive  power  in  the  lower  part  of  the  tifbe  after 
the  critical  point  has  been  passed.  In  the  case  of  liquefied  gases,  sadi 
as  carbon  dioxide,  ammonia,  sulphur  dioxide,  and  nitrous  oxide,  which 
are  easily  dried,  the  line  is  beautifully  sharp,  and  the  disappearing 
point  easily  noted.  Alcohol  cohobated  over  caustic  lime  for  a  week 
and  transferred  to  a  tube  without  contact  with  air,  shows  the  dis- 
appearance  of  the  line  with  great  sharpness,  and  immediately  after 
no  difference  in  refractive  power  can  be  detected  between  the  upper 
and  lower  portions.  The  least  trace  of  moisture  is  sufficient  to  show 
such  a  difference.  Whenever  I  notice  any  difference  between  the 
upper  and  lower  portions  after  passing  the  critical  point,  I  attribute  it 
to  moisture  or  other  impurity,  as  cai'eful  treatment  always  removes 
the  difference  in  density.  In  many  organic  liquids  there  is  always  a 
difference  at  the  critical  point,  and  sometimes  before  reaching  this 
temperature,  they  form  several  layers,  each  having  a  different 
critical  point  as  they  seem  to  give  rise  on  heating  to  new  oomponnds, 
or  form  polymeric  compounds  having  different  critical  points.  Besides, 
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manj  or<,'iinic  compoonds  cannot  be  entirely  freed  from  imparity,  as 
tliey  n'tain  it  even  on  repeated  distillation.  In  the  following'  experi- 
ments, therefore,  such  organic  componnde  were  iiever  used,  ftud  onlj' 
perfectly  anhyilroua  alcohol,  or  carbon  disalphide,*  or  gases  wrhich  caa 
be  oblainod  anhydrons,  COj,  SOj,  and  NH3,  being  choseu.  The  np- 
pamtus  utteil  tor  obtaining  preasuro  wae  that  described  in  a  former 
paper  (■'  Proc.  Roy.  Soc,"  No.  20!,  1880,  "  On  the  Solubility  of  Solids 
in  Gases").  In  order  to  determine,  then,  whether  increased  pressore 
applied  above  the  critical  point,  wonld  have  the  eBect  of  reducing  tbe 
gas  to  a  liquid,  us  might  easily  be  supposed,  since  the  rates  of  expiuisioii 
of  giis  iind  lir[ui(l  become  alike  at  the  ci'itical  point,  a  new  form  of  ex- 
periment was  renurtod  to.  It  had  been  noticed  that  it  was  easy  to 
determine  whether  the  tnbe  were  filled  with  liquid  or  gas,  by  simply 
reducing  tho  pressure  aomewhat  quickly,  when,  if  there  were  liquid 
present,  it  boileil,  wliile  if  the  contents  were  entirely  gaseous,  simple 
expansion  was  the  reEtilt.  The  boiling  only  takos  place  when  tbb 
pressure  is  rciLuceil  so  far  aa  to  be  a  little  under  tho  vapoar  pressure  at 
that  temperature,  in  other  words,  boiling  cannot  be  observed,  aniMS 
there  exi.'^ts  a  ti-eo  surface,  and  tJiis  free  snrbce  cannot  be  obtained  wlUt 
the  liquid  alone  above  the  "  critical  pressure."  By  the  intj\idnction  oF 
a  quantity  of  hydrogen  gas  over  ihe  liquid,  a  free  surface  is  obtaiH^ 
at  any  pressure,  and  tbe  mixture  of  hydrogen  and  ateohol  vapour  being' 
,if  so  mneh  less  density  than  the  alcohol,  it  remains  divided  from  it  liy 
a  line  of  demarcation  for  some  -time  after  the  latter  is  nndonbtcdij 
jjiiseoHs.  Now,  let  us  see  what  takes  place  on  lowering  the  pressnra, 
WliiiL  rhi'  tunijiiTature  is  even  only  1°C.  below  the  critical  point,  w&en 
the  ]ir(s-nre  in  Millicieutly  reduced,  the  alcohol  boils,  showing  that  il 
^lill  has  rulirairtu,  but  if  the  temperature  be  1°  above  the  critical  pafs^ 
lilt'  Hiiid  iitily  ixpaitda,  and  no  boihng  is  seen  at  any  pressure,  iroaa  50'^ 
up  to  'JO''  atmospheres.  Here  the  flaid  above  the  critical  potal  h 
just  an  free  a  NUrface  aa  below  it,  and  we  see  that  the  last  trace  of  | 
li.|uid  eoiidiiinju  has  disappeared.  Tbe  line  dividing  tho  mixture  q 
hyilroj,'rLi  and  alcohol  vapour  from  the  pure  alcohol  is  quite  sharp,  for  ' 
a  slicirt  liiiu',  and  on  altering  the  pressure,  it  moves  up  and  dofrs 
ijiiiie  lively,  aud  poasessos  exactly  the  same  appearance  and  propertiw 
us  liydi-i>s;:i'n  over  carbon  dioxide  in  a  bell-jar. t 

Thus  we  sve  that  the  liquid  state  seems  to  come  to  an  end,  and  tlw 
gaseous  slate  to  supervene  quite  independent  of  pressure, 

*  Kvfii  1lil«,  III  luttT  cxperinientf,  hu  been  found  to  disam-isie  alightlj.   (Jiios  I^    ' 

IHHO.)  ' 

t  llu-  i'i|"TiiiiiriiK  7iiuflt  be  done  ifnicklj,  before  Ihe  alcohol  li. 
fhi'  litilrii^i'ii  to  mil  j:ri'?i(  extent,  and  the  lempt-ruture  uiust  beequiJ  all  llirougli  tlup 
iilHijinilii',  iiihfr"i-f  iiiiiliirf  laiii'S  [laoe  and  lliese  [ilifoumensare  not  imjn.  Eipari'' 
iiKiit?  <in  hii^liir<'<  i..bluiiicd  b;  «hiduugare  in  prognwe,  but  in  theM  tbo  orftiial 

-    -  _« 
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There  is  another  mode  of  experimentixig  which  illustrates  this  eyen 
more  strikingly.  A  quantity  of  alcohol  with  hydrogen  over  it  was 
raised  to  a  temperature  of  228^  to  230^  under  a  pressure  of  120  atmo- 
spheres, and  the  pressure  and  temperature  maintained  for  five  hours, 
when  it  was  seen  that  the  line  of  demarcation  was  in  the  same  place, 
and  as  sharp  as  before,  and  on  lowering  the  pressure,  the  liquid  boiled, 
showing  that  it  had  not  mixed  with  the  gas.  The  temperature  was 
now  raised  to  240^,  and  the  pressure  as  before,  at  120  atmospheres,  and 
at  the  end  of  a  quarter  of  an»  hour,  instead  of  a  sharp  line  of  demarca- 
tion there  was  only  a  faint,  broad  indication  of  a  change  of  density  near 
the  middle  of  the  tube,  and  at  the  end  of  an  hour  all  mark  of  a 
difference  had  disappeared,  the  two  gases  having  mixed.  Doubtless, 
the  mixture  was  not  yet  uniform,  but  it  had  proceeded  sufficiently  far 
to  show  that  the  two  were  misdhle.  Here  we  see  plainly,  that  a  few 
degrees  below  the  critical  point,  the  substance  was  undoubtedly  liquid, 
and  a  few  degrees  above,  undoubtedly  gaseous.  The  experiment  was 
repeated  at  200  atmospheres'  pressure,  the  temperature  being  220^  and 
240°,  with  precisely  the  same  result,  and  I  have  since  repeated  it 
several  times.  This  shows  that  the  limit  of  the  liquid  state  depends 
upon  temperature,  and  not  upon  pressure. 

The  method  of  examining  the  loss  of  cohesion  of  a  liquid  by  means 
of  a  capillary  tube  was  also  applied  at  any  pressure  by  the  introduction 
of  a  permanent  gas  over  the  liquid,  as  in  the  foregoing  experiments. 
This  was  done  as  follows. 

In  the  working  tube  of  the  pressure  apparatus  A,  a  small  piece  of 
capillary  tubing  B,  was  cemented  by  fusing  a  minute  piece  of  silicate 
of  soda  between  it  and  the  side  of  the  tube.  The  liquid  C,  which  was 
in  this  case  carbon  disulphide,  was  placed  in  the  tube  over  the  mer- 
cury, and  readings  taken  of  the  height  of  the  liquid  in  the  capillary 
tube.  In  order  that  the  same  liquid  should  be  used  in  both  cases, 
and  the  experiments  thus  rendered  strictly  comparable,  the  point  of 
A  was  broken  off,  and  a  quantity  of  pure  dry  nitrogen  introduced. 
Pressure  was  then  applied,  and  the  capillarity  noted,  the  temperature 
raised,  and  the  result  again  noted.  The  following  table  illustrates  the 
results  obtained.  The  capillary  heights  are  arbitrary  numbers  of  the 
cathetometer :  ten  experiments  were  done  in  each  case. 

Liquid  alone.                                  Liquid  with  nitrogen. 
Temp.           PrcMure.        Height.       Temp.  PreMure.         Height. 

51°  . .      1  atmos.  . .    536  . .      51°  . .     81  atmos.  . .    53-2 
220°  ..63      „      ..    12  2  ..   220°  ..180      „      ..   119 
Probable  error 
of  mean 07    „       . .     0*2 11    »      • .     0*25 

The  experiments  were  then  pushed  up  to  the  critical  point  when^  in 
both  cases,  the  one  at  80  atmospheres  and  the  other  at  194,  the  capil- 


4»3 

Iniity  disappeared. 
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This  ftgaiD  sbowa  tbat  proftsnre  baa  liUle  or  no 
effect  u))on  the  cohesion  of  a  liquid,  smi  that  it  ib  redncod  to  xen>  kt 
about  the  same  temperature  uotwithstanding  tho  pressare. 


does  not  extend  heyenS 
BB  upou  an  iaotberiBBlt 


It  would  appc nr,  thpn,  that  the  boiling  liri 
the  criliiiil  point,  but  that  the  critical  point 
which  is  the  limit  of  the  liquid  state. 

1  hiivc  cxninineil  Bercral  liquids  and  liquefied  gasea,  incladi 
CO..  NIf,.  SO.,.  N3O,  CSj,  CCI^.  CI.  CH,0,  CsH,,,©.  andCjH^O,  sod 
find  that  the  cnpillaritf  disappears  at  or  near  the  critical  paint, 
j)ri>s>;iire  does  not  canse  it  to  reappear, 

I  havf  iilso  measnrod  the  rate  of  decrease  of  capillarity  with  t«tnp«> 
fiitnrc,  lint  have  not  yet  had  time  to  reduce  the  arbitrary  readings  l(t 
actual  riK'ilsu rein  cuts  to  find  whether  or  not  any  systematic  relation' 
oxiJils.      I  shall  bring  this  work  forward  at  some  futnre  time. 

T  hiivf  Klill  another  method  of  e^tamioation  to  bring  beforo  the 
Society.  An  appanitus  was  arranged  with  the  tube  for  expurimnntinv 
with  the  liquid  Ix'nt  at  an  obtuse  angle,  as  shown  in  the  alcotch. 
Th<'  liquid  was  contained  in  the  upper  part,  A,  inclosed  by  the  m«r- 
cury.  It ;  while  the  lower  part,  C,  inclosed  in  the  apparatus,  was  filled 
with  nitrogen  or  other  permanent  gas.  On  applying  prassnra  ft*nf 
uitrogi'H  ii>  compressed  into  email  epace,  and  by  gently  Upping  thu 
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tabe  IB  made  to  rise  to  abont  D,  where  it  rests  agMUst  the  upper  side 
«f    the    slanting  part   of  the    tabe.      When   the    temperatnre    and 


preseare  required  wore  reached  the  tnbe  was  gentlj  tapped,  when 
the  babble  of  nitrogen  passed  roand  the  bend  np  into  tbo  flnid  at  A. 
Tf  the  flnid  be  in  tho  liquid  state,  the  bubble  shows  a  meniscus ;  bat  if 
theflaid  be  gaseous,  the  bnbble  instantly  diifnses  into  the  inclosed  space, 
showing  that  the  fluid  haa  no  cohesion  or  has  assamed  the  gnseons 
Btat«.  The  same  results  were  obtained  as  before.  When  the  tempe- 
rature was  below  the  critical  point  the  contents  of  the  tnbe  were  liqnid, 
and  when  over  that  tcmperatnre  the  reaction  waa  always  gaseons, 
notwithstanding'  tho  variations  of  pressare. 

I  think  that  wc  have  in  these  experiments  evidence  that  the  liqaid 
state  censes  at  the  critical  temperature,  and  that  pressure  will  not 
materially  alter  the  tcmperatnre  at  which  the  cohesion  limit  occurs. 
Dr.  Andrews  has,  indeed,'  indicated  his  belief  that  such  was  the  case ; 
bnt  as  far  as  1  am  aware,  there  has  been  till  now  no  direct  experi- 
mental proof  of  the  fact.  When  tbo  line  dividing  the  fluid  from  the 
gas,  and  the  difference  in  height  outside  and  inside  the  capillary  tube 
disappear,  it  cannot  be  said  that  this  proves  the  total  absence  of 
-cohesion,  but  only  that  the  cohesion  of  the  two  portions  of  the  fluid 
becomes  equal ;  and  it  is  only  if  the  gas  or  vapour  has  no  cohesion  that 
we  can  say  that  the  portion  wliicli  formed  the  liqaid  has  none  cither. 
Bat  by  tho  introduction  of  a  third  snbetance,  which,  when  the  experi- 
ment«  are  done  quickly,  acts  only  ou  one  side,  it  seems,  from  the 
results  observed,  thnt  the  condition  of  the  surface  of  demarcation 
depends  mainly,  if  not  entirely,  npon  the  lower  or  liquid  portion  of 
tho  fluid.  The  critical  points  of  liquids  are  thus  truly  the  absolute 
l)oilii)g  points,  as  has  been  aptly  sud,  and  are  closely  comparable  to 
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t)ie  iodide  more  Eolnblt',  or  did  its  solubility  increase  more  rapid 
witii  temjicratnre,  I  Imve  no  donbt  that  ita  effect  upon  the  critic 
point  would  he  much  more  pronounced. 

By  performing  a,  largR  number  of  eiperimenta  I  came  to  the  foIlM 
ing  conclnsiona  : — 1st.  The  gas  must  have  a  certain  density  befonj 
will  net  US  a  solvent,  and  when  its  vnlame  is  increased  more  tbna  bvn 
its  liqnid  volume  its  solvent  action  is  almost  destmj-ed.  2nd.  R«tauuj 
the  volume  the  same,  the  higher  the  temperatare  the  greater  ti 
solvent  power.  This  was  determined  by  placing  an  eicess  of  iodide  i 
the  tube  iind  raising  the  temperatnre  to  a  given  point  and  maintainii 
it  for  an  hour  or  so,  then  noting  portions  still  EndiEsolved,  raising  tl 
temperature  again,  and  watehing  the  effect  till  a  temperature  wi 
reached  when  all  the  salt  disBolved.  As  the  increase  in  the  solabtUl 
in  pota^sic  iodide  is  very  slight,  it  takes  a  considerable  rise  to  Iiaj 
at)}-  ftpyiarent  effect.  Thus  we  see  that  two  conditions  are  requisH 
molecular  closeness  and  vU  viva.  We  see  from  this  that  the  liqni 
condition  of  fluids  has  very  little  to  do  with  their  solvent  power,  bi 
(inly  iiidicati's  molecular  closeness.  Should  this  closeness  be  attain* 
liy  external  pressure  instead  of  internal  attraction,  the  result  is  thi 
the  same  or  even  greater  solvent  power  is  obtained;  greater  bocmn 
of  t  lie  gi'cater  activity  of  the  molecules  so  compressed.  That  thin  i 
tin:  ca.se  is  seen  well  in  the  case  of  hydrogen,  which,  when  r~mprrnoB 
by  a  pressure  of  1,000  atmospheres,  measured  by  the  hydrogen  maxu 
nicler,  dissolves  potassium,  sodinm,  and  lithium.  The  eiperiment  1 
dine  in  this  way.  A  piece  of  the  metal  is  placed  in  the  end  of  tt 
tube,  inid  the  dry  hydrogen  below  it.  The  presaure  is  then  applied,  i 
iifti'r  Iwrnly  or  thirty  minutes  the  mercury  near  the  metal  ■■ 
foninl  to  he  solid  amalgam.  This  is  at  the  ordinary  temperatnro ;  i 
stiouhl  Mir  icuiiicrature  be  raised  to  100",  the  mercury  becomea  a 
ill  a  IVw  Kccniids.  I  intend  to  apply  still  higher  pressures,  and  a 
to  ilissiiKi'  hiirdiT  metals.  This  is  a  case  of  purely  gasBous  solid 
till'  li\  ili'iPLjcii  lifiiig  at  a  very  great  distance  from  its  critical  poiatjl 

Th.-  r..n(l(isioiis  avrived  at  in  a  former  paper  have  been  i 
ill  i[\i(  siiiiii  ill  a  paper  by  Professor  Kamsay,  and  I  woald  1 
|ic]itii-;siini  tn  |iciliit  out  some  errors  into  which  I  think  the  anQ 
Ij:is  f;illi'n.  Ilr  s;iyn  ; — "  When  the  tube  contains  a  small  amoniit  < 
lii|UJil  lhi>  s]i;ii-c  li'f'l  for  gas  is  larger,  and  consequently  more  vapon 
11H1-.1  lir  i;ivi>n  nlT  by  the  liquid  before  enough  gas  can  be  eomproase 
1  ill  ii  :n(nuris  ilie  same  specific  gravity  as  the  liciuid,  the  temperahtt 
at  whirh  the  meniscus  disappears  is  comeij^iently  higher."  *  It  is  difl 
.■lilt  t"  uiidcrstaud  how  the  author  came  to  sneh  a  conelnsion,  onba 
h,'  \v:is  iliitikiiiL'  of  the  nmdunt  of  beat  required  to  foi-m  more  mptnq 
mill  CLinrmnidini,'  ealoriinetry  with  thermometry.  Hif  conclusion,  akd 
stiiii^N,   i-=  at  variance  with  all  the  experiments  and  coodOBiona  Of  ■[ 

*  -'  Vu::  Koj.  .'^oc,"  T4l.  txi.  puge  3S6,  lines  10  la  II.     The  ilatid  H«  nimm 
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manj  eminent  workers  in  the  field.  It  would  lead  to  the  result  that  the 
boiling  point  of  a  homogenooas  liquid  would  vary  with  the  amount  of 
^pace  over  the  liquid,  and  that  the  vapour  tensions  of  liquids  as  deter- 
mined by  placing  some  over  the  mercury  in  a  barometer,  would  vary 
with  the  amount  of  liquid  used.  This  no  doubt  would  be  true  of 
a  mixed  liquid  whose  constituents  have  different  boiling  points,  but 
cannot  be  said  of  a  homogeneous  liquid.  I  had  often  noticed  that 
the  critical  point  of  a  carefully  dried  liquefied  gas  was  the  same  whether 
observed  at  the  top  of  the  tube  or  at  the  bottom ;  but  any  impurity  or 
moisture  would  cause  the  critical  point  observed  at  the  bottom  to  be 
high,  as  it  would  be  concentrated  in  the  last  portions  of  the  liquid. 
Since  Dr.  Ramsay's  paper  was  published  I  have  again  gone  over  this 
ground,  and  to  prevent  mistake  I  used  the  same  liquid  in  the  same 
tube,  varying  its  volume  so  as  to  make  the  disappearance  of  the 
division  take  place  near  the  top  or  bottom  of  the  tube ;  and  I  here  give 
a  series  with  alcohol  and  carbon  dioxide  with  the  results. 

Alcohol. 
Top. 
234-5       

2340 
2350 
234-2 

234-8 

In  these  experiments  every  precaution  was  taken  in  purifying  the 
substances,  but  the  bath  used  was  the  old  double  one,  otherwiae 
closer  observations  might  have  been  made.  They  prove  exactly  what 
was  known  before,  and  what  Dr.  Ramsay  denies,  that  a  homogeneous 
liquid  has  a  fixed  boiling  point,  whether  that  be  the  absolute  boiling 
point  (critical  point)  or  a  lower  one.  I  find  that  liquefied  gases  give 
the  best  results  to  illustrate  this,  as  they  are  more  easily  obtained  pure 
and  dry.  I  have  tried  ammonia  and  sulphur  dioxide  with  the  same 
results.  Several  ethers,  especially  oxalate  of  ethyl  and  methyl,  failed 
to  give  the  same  temperature  at  top  and  bottom,  a  difference  of 
several  degrees  often  occurring.  This,  I  have  no  hesitation  in  saying, 
is  due  to  impurity  or  to  alteration  of  the  liquid  at  the  elevated  tem- 
perature. It  is  difficult  to  conceive  how  it  could  be  imagined  that  the 
ratio  of  a  homogeneous  liquid  to  the  size  of  the  vessel  containing  it 
could  influence  the  tension  or  density  of  its  vapour.  As  experiment 
and  theory  point  to  the  fact  that  at  the  same  temperature  the  vapour 
of  the  same  liquid  must  have  the  same  tension  and  density,  irrespective 
of  the  size  of  the  containing  vensel. 

In  another  place.  Dr.  Ramsay  says: — *'From  the  first  experiment 
it  is  seen  that,  on  cooling,  tho  liquid  contracts  more  rapidly  than  the 
gas.*'     In  another,  '*  Whereas,  even  above  their  critical  points^  liquids 
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nre  compnratively  incompresHible."  A  fluid  ia  homogenwina  abo' 
critical  temperature,  and  it  seems  useless  to  tlieoriso  on  tlie  compi 
bility  of  It  subject  cot  kuown  to  exist.  Besides,  ia  these  s^teuienlid 
makes  lemiiei-ature  and  pressure  act  in  different  ways,  Cotnpii 
tl  p  I  I  qu  d  s  mo  B  sens  t  ve  to  heat,  bnt  i^ain  compared  111 
g  tl  e  I  qu  d  s  omparat  e!y  compi'esBible,  The  ftutbor  sayBtf 
I,  rbou  c  lubyd  de  exam  nod  ly  Dr.  Andrews,  is  abnormal  in  tl 
re  |X-ct  I  ut  of  th  H  1  am  not  cer  an"  I  lunst  say  all  the  bodiM 
h  V    c  I  art:  al  o     abnormal      Dr.  Ramsay 'a  idea  of  the  critii: 

po    t      tl    t  t  s  tl     temperature  where  their  deusities  being  eqnaljg 
1  1  {     I  I  ut  the  ent  re  absence  of  capillarity,  showing  I 

Iff  tb    o  I      on  of  the  upper  and  lower  portions  of  the  Qui 

a  d  t)  t  t  tl  t  e  ha  e  two  port  on s  of  the  same  chetaical  oon 
J  u  d  at  I  h.  n  e  t«mp  rature  u  der  the  same  pressure  with  || 
s.  u  len  ty  ould  p  ove  to  any  ordiiuiry  mind  that  th«y  .d 
1  I  I  n  I  1 1  e  shown  them  to  be  in  the  paper  already  referred  t 
D  It  J  Heeka  to  cxpla  n  the  solubility  of  solids  iu  gnsi^s  I 
s,       g       !  e  tlemeu  ha  e  oba      ed  nothing  unusual,  but  merei 

b  1  i  [  b  om  non  uf  tl  e  solubility  of  a  solid  in  a  hot  liqnid, 
(I  fu  r  ]  1  at  ou  vould  not  hold  hero  however,  aa  the  liqai 
1  H  3  ol  1  n  -iolut  on  would  ha  e  a  greater  density  than  the  gM 
I  0  11  ot  ni  "c  Bes  des  suppose  bis  explanation  wero  fenii 
i        uj  1      II  ]  the  B  lal  1  ty  of  solids  in  gaaes,  because,  ivere  tl 

II  III  h    gas     t  would  be  precipitaled  when  the  liqni 

1         b     I  as    ve   kno  v  takes    place  when  a  solntioa 

1        1       I  [     I   n  w  h  ch  the  d    solved  body  is  iusoluble.     Agati 
1         t     ))      [{amsaj  a  theory    the  higher  the  temperature  tl 
I         I  1       I   I  would  be    but  the  opposite  is  tlie  easn.     H 

I    I  1       dea  that  because  a  solid  is  dissolved 

I         I      ever  supported  that  idea.     Let 
L      I!    u    \         I    1 1  on  of  my  ejtperiment  with  potasaic  iodide. 
lilt      t  tl      «l  le  n  alcohol   s  very  low  (1  in  40),  and  it 
111  i    ratu  V  yet  when  bo  oaused  a  solntion  sati 

I  11         tl  I       I   ]  D  nt   to    a.snme   the    ^bcdus    condition,    b 

I       1         1  y  sudden    n  rease  in  the  solvent  powcr*k|g 

!  I  I  le  conclules  that  solids  are  not  Bolubtol 

II  I  1     was  only  one-third  full,  and  thi 

I     I  uld  be  BO  low  that  the  solvent  power  wosll 

k      U  I         Dr    Ban  say  repeats  the  eipcrimeut  with  A 
I   {     1         I  It  mpe  "atare  saiheieDtly,  he  will  see  thttb 

It]  t    Iter  d  m  pass  ng  tbo  critical  tciuporatare. 

\  {  ]     nt     vh  ch    3   sometimes   lost  Bight  of,  is  tj 

I  !        II  u      IS    ndependent  of  volume  as  long  as  thfl.; 

Ill  t  together    whenever  the  critical  tcmper»tan 

]  111      tlu  1    n  the  vessel  wh  ch  oonttiina  tfae  greatest  ami 
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of  liquid  will  develop  the  highest  pressure  on  raising  the  temperature. 
When,  therefore,  a  tube  contains  a  small  amount  of  liquid,  although 
below  the  critical  temperature,  it  develops  as  much  pressure  as  a 
tube  nearly  full,  yet  on  passing  that  point  it  may  not  have  sufficient 
molecular  closeness  to  exhibit  solvent  power,  the  cohesion  existing 
below  the  critical  temperature  giving  it  sufficient  closeness  there. 
Hence,  with  a  small  quantity  of  liquid,  the  phenomenon  is  seen  of 
a  liquid  depositing  a  solid  (which  it  held  in  solution)  at  the  critical 
point,  but  redissolving  it  again,  when  a  certain  increase  of  tempera- 
ture gave  it  sufficient  vis  viva  to  compensate  for  its  want  of  density. 
With  a  larger  volume  of  liquid,  the  solution  being  the  same,  no 
deposit  takes  place. 

Then,  as  to  the  asserted  difference  in  refractive  power.  I  have  had 
an  apparatus  made  specially  for  this  purpose  and,  when  the  liquids  are 
pure,  there  is  not  the  slightest  difference  in  refractive  power  between 
the  upi)er  and  lower  layers.  Liquids  which  may  be  pure  at  low  tem- 
peratures may  give  rise  to  new  products  at  higher  tempenitares,  and 
thus  produce  a  different  result.  I  have  not  ray  determinations  rednce<l 
yet,  but  will  publish  them  shortly.  They  are  done  with  a  glass  prism, 
with  thick  sides,  and  the  results  are  reliable ;  but  Dr.  Rauisay*s  tube 
may  have  varied  more  than  his  liquids.  In  another  paragraph  he 
says : — **  It  would  be  interesting  to  speculate  on  the  condition  of  a 
fluid  of  which  two  portions  {>ossess  the  same  specific  gravity,  but 
refract  light  differently.**  How  have  the  two  portions  the  same  speoitio 
gravity  when  one  is  always  lefl  at  the  bottom  of  the  tube  ?  I  don't 
think  any  clearer  proof  is  required  to  show  that  it  is  an  impariij, 
or  a  product  of  decomposition  at  the  high  temperature,  and  its  greater 
refraction  also  proves  its  greater  density.  Dr.  Ramsay  was  very 
careful  to  expel  all  air,  and  evaporated  the  liquid  to  less  than  half  its 
volume,  thus  concentrating  the  denser  impurities  in  the  remaining 
portion,  and  as  momentary  exposure  of  a  pure  liquid  to  air  slightly 
hydrates  it,  we  have  conditions  which  suffice  for  producing  the  mixed 
liquid  required  for  the  results  we  observed.  Lastly,  Dr.  Ramsay 
says : — **  Surely  no  clearer  proof  is  needed  to  show  that  the  solids  are 
not  present  as  gases,  but  simply  as  solution  in  a  liquid  medium,**  than 
that  they  retain  the  same  spectrum  as  in  the  solid  state.  We  do 
not  want  proof  that  they  are  present  in  the  gaseous  state,  which  is 
very  different  from  being  dissolved  in  a  gas. 

In  another  paper,  I  have  shown  that  there  can  be  no  liquid  above 
the  critical  point,  as  this  is  the  termination  of  all  properties  which 
distinguish  a  liquid  from  a  gas,  so  that  a  fluid  has  only  one  state  above 
that  temperature.  Solution  of  solids  is  (when  chemical  action  does 
not  come  into  play)  a  function  of  all  fluids,  the  requisite  conditions 
being  molecular  closeness  and  thermal  activity. 

June  14,  1880. 


488  Mr.  J.  B.  Hannay.  [June  10, 

are  comparativelj  incompressible.'*  A  fluid  is  homogeneous  above  its 
critical  temperatare,  and  it  seems  useless  to  theorise  on  the  compressi* 
bilitj  of  a  subject  not  known  to  exist.  Besides,  in  these  statements  he 
makes  temperature  and  pressure  act  in  different  ways.  Compared 
with  f^y  the  liquid  is  more  sensitive  to  heat,  but  again  compared  with 
gas,  the  liquid  is  comparatively  incompressible.  The  author  says : — 
*'  Carbonic  anhydride,  examined  by  Dr.  Andrews,  is  abnormal  in  this 
respect,  but  of  this  I  am  not  certain."  I  must  say  all  the  bodies  I 
have  examined  are  also  "abnormal.'*  Dr.  Eamsay's  idea  of  the  critical 
point  is,  that  it  is  the  temperature  where  their  densities  being  equal,  gas 
and  liquid  mix ;  bat  the  entii*e  absence  of  capillarity,  showing  no 
difference  in  the  cohesion  of  the  upper  and  lower  portions  of  the  fluid, 
and  the  fact  that  we  have  two  portious  of  the  same  chemical  com- 
pound at  the  same  temperature,  under  the  same  pressure  with  the 
same  density,  would  prove  to  any  ordinary  mind  that  they  are 
identical,  as  I  have  shown  them  to  be  in  the  paper  already  referred  to. 

Dr.  Ramsay  seeks  to  explain  the  solubility  of  solids  in  gases  by 
saying  "  these  gentlemen  have  observed  nothing  unusual,  but  merely 
the  ordinary  phenomenon  of  the  solubility  of  a  solid  in  a  hot  liquid.*' 
His  former  explanation  would  not  hold  here  however,  as  the  liquid 
holding  a  solid  in  solution  would  have  a  greater  density  than  the  gas, 
and  so  would  not  mix.  Besides,  suppose  his  explanation  were  trae, 
it  would  still  prove  the  solubility  of  solids  in  gases,  because,  were  the 
solid  not  soluble  in  the  gas,  it  would  be  precipitated  when  the  liquid 
mixed  with  the  gas,  as  we  know  takes  place  when  a  solution  is 
mixed  with  a  liquid  in  which  the  dissolved  body  is  insoluble.  Again, 
according  to  Dr.  Hamsay's  theory,  the  higher  the  temperature  the 
less  the  solvent  power  would  be,  but  the  opposite  is  the  case.  He 
attributes  to  me  the  idea  that,  because  a  solid  is  dissolved  in  a  gas,  it 
is  gaseous ;  but  I  never  supported  that  idea.  Let  us  now  oonsider 
Dr.  Ramsay*s  repetition  of  my  experiment  with  potassic  iodide.  The 
solubility  of  the  iodide  in  alcohol  is  very  low  (1  in  40),  and  it  increases 
very  slowly  with  t<?mperature,  yet,  when  he  caused  a  solution  satamted 
just  below  the  critical  point  to  assume  the  gaseous  condition,  lie 
evidently  expected  a  very  sudden  increase  in  the  solvent  power,^and 
SQch  not  being  the  case,  he  concludes  that  solids  are  not  soluble  in 
gases.  Then,  the  tube  was  only  one-third  full,  and  the  pressure  in 
a  ease  of  that  sort  would  be  so  low  that  the  solvent  power  would  be 
very  weak.  When  Dr.  Ramsay  repeats  the  experiment  with  more 
liquid,  and  raises  the  temperature  sufiiciently,  he  will  see  that  the 
solvent  power  is  not  altered  in  passing  the  critical  temperature. 

An  impoi'tant  point,  which  is  sometimes  lost  sight  of,  is  thafci 
although  the  pressure  is  independent  of  volume  as  long  as  the  two 
states  of  fluids  exist  together,  whenever  the  critical  tempemtore  is 
passed,  the  fluid  in  the  vessel  which  contains  the  greatest 
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the  poles,  and  the  final  clause  added  in  the  published  paper  accords 
with  it. 

There  is  uo  inconsistcncj  between  the  opinion  there  expressed  and 
that  subsequently  given  in  the  paper  *^  On  the  Spectra  of  the  Com- 
pounds of  Carbon  with  Hydrogen  and  Nitrogen  ;*'  and  that  such  a 
charge  could  have  been  made  is  due  only  to  Mr.  Lockyer*s  having  quoted 
the  uncorrected  proof. 

To  come  to  the  omissions  wo  have  made  in  reference  to  the  work  of 
others.  The  complaints  appear  in  such  remarks  as  the  following, 
which  we  extract  from  Mr.  Lockyer*s  paper  : — 

''  As  Messrs.  Liveing  and  Dewar  do  not  controvert  the  very  definite 
conclusions  arrived  at  by  Attfield,  Morren,  Watts,  and  others,  I  can 
only  presume  that  they  have  taken  for  granted  that  the  experimental 
work  performed  by  those  men  was  tainted  by  the'  presence  of  impuri- 
ties, and  that  it  was  impossible  to  avoid  them.*' 

*^The  only  reference  to  this  admirable  work,  in  which  vacuum  tubea 
and  the  electric  discharge  were  largely  employed,  which  I  can  find  in 
Messrs.  Dewar  and  Liveing's  paper  is  the  following : — **  The  spectrum 
of  hydrocarbon  burning  (u  air  has  been  .  .  .  described  ....  by 
Attfield.** 

It  was  not  our  intention  to  give  a  complete  historical  accomit  of 
what  had  been  done  previous  to  the  date  of  the  paper  by  Angstrom  and 
Thalen  (**  Nov.  Acta  Reg.  Soc.  Upsal.,**  1875),  as  in  that  paper  they  had 
discussed  the  observations  of  experimenters  who  had  been  engaged  on 
this  subject  before  that  time.  Nor  had  we  any  desire  to  avoid  or  con- 
trovert, or  take  anything  for  granted,  in  the  work  of  early  investiga- 
tors. We  merely  passed  over  for  the  sake  of  brevity  such  work  as  had 
not  stood  the  test  of  subsequent  investigation.  We  could  hardly  accept 
Dr.  Attfield*s  work,  however  good  for  its  time,  as  authoritative,  seeing 
that  his  experiments  were  made,  as  he  allows  (''  Phil.  Mag.,"  1875),  with 
very  imperfect  appliances,  and  evidently  without  his  being  so  well 
aware  as  wv  now  are  of  the  nicety  required  in  regard  to  the  purity  of 
his  materials.  In  fact,  he  found  no  distinction  l)etween  the  spoctmm 
of  carbonic  oxide  and  tlmt  of  hydrocarbons,  and  found  the  lines  of 
nitrogen  in  the  spectrum  of  the  fiame  of  cyanogen. 

We  can  hanlly  be  charged  with  ignoring  Morrcn's  work,  for  we 
have  referred  to  it  again  and  again.  The  particular  passage  quoted 
by  Mr.  Lockyer  emlxxlies  obser>'ations  and  conclusions  which  are  at 
variance  with  those  of  Pliicker  and  Hittorf,  as  well  as  of  Watts ;  and 
nre  substnntivoly  discuKsed  by  us  in  our  paper. 

Dr.  Watta'  position  with  reference  to  this  subject  deserves  very 
special  consideration,  as  ho  has  perhaps  directed  his  attention  to  it 
more  continuously  and  laboriously  than  any  other  investigator.  And 
BB  his  publications  have  extended  over  a  long  period  of  years,  it  is 
clear  that  a  grave  injustice  is  done  him  if  his  early  work  be  selected 
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V.  "  Note  oil  the  Histoiy  of  the  Carbon  Spectram."  By  O,' 
LiVEiXG,  M.A,,  F.R.S.,  Professor  of  Chemistry,  and, 
Dewar,  M.A.,  F.R.S.,  Jacksouian  ProfeBBor,   UmvereilnM 

Ciuiibridt^e.     Received  May  2f>,  1880.  J 

In  a  '■  Xotn  on  tte  Spectfimi  of  Carbon,"  read  before  the  Sociem 

April  2H,  1H80,  Mr.  Lockyer  has  in  the  first  place  all^^  that  weM 

advan<^til  ivitliin  a  very  short  period  inconsistent  opimons  MU 
spectra  of  compounds  of  carbon;  he  has  next  implied  that  wu]4 
given  nti  unfair  representation  of  tlie  history  of  the  carbon  apffotnl 
and,  iiistly,  ha.s  directly  challenged  the  correctnesB  of  some  of  theoc 
chisioiis  «■('  liavc  dmwn  from  onr  experiments.  We  propose  in  tl 
papi'i'  to  reply  to  him  on  the  historical  qneations,  and  in  another  pu 
to  ileal  «ith  tlie  experimental  evidence  which  he  has  produced  ui  et 
traventioji  of  our  conclusionB. 

That  the  inconsistency  alleged  has  not  really  existed  u 
will  be  Kcoii  by  any  one  who  reads  the  Grst  passage  referred  tOilJ 
np|)«ircd  ill  the  published  "  Proceedings  of  the  Society  "  (vol.  J 
p.  W?).  whiili  .stauds  as  follows: — 

"Till'  welt-iii^'h  impossible  problem  of  eliminating  hydrOsBa  j 
iiiiiswi'ii  of  carbon,  such  as  can  be  employed  in  eiperimenta  otit 
kind,  (inn'ci;  fi  incliiBively  that  the  inference  drawn  by  Mr.  L/odeym 
to  tlu'  I'lcTnentary  ebaracter  of  the  ao-called  carbon  speotrnm  from 
fxaiiLinaiion  i>f  tlic  nrc  in  dry  chlorine,  cannot  be  regarded  as  snti 
tactoi-v.  firi,,./  lli"t  inidoubtedly  hydrogen,  wiu  yreeeiit  in  the  carhun*  ai 
i.-  <■'!  ,.r:l>i<hililii  .illr-'ijeii  in  file  ehlorine." 

111'.   I.ixkver   has  quoted  tho   eonjideiitial,  iineorrecfe^l, proof  im 
III'  \\n-  |iiili1l>lu'il    J >a per  which  had  been  issued  before  Mr.  I 
j'^ijii'i  u:i^  I'raiL     In  the  published  paper  a  clause,  accidentally  o 
lirfoK'.   mill    uo   \\;\y  altering  the   general    drift   of   the  paasagv,  i^ 
liriii  Jii-L del  I'l  make   tbe  sense  clearer.     The  paper  from  whio&j 
^[lll>ll■^    .lial^    with    the    chemical    interactions    taking    placa    ; 
all'  Im[ui'iii   the  matter  of   tbe  poles   and    tbe  constitnenta  < 
~uii'i>uii(liiLL,-  ;itinoK]ihere.      It    is   there  demonstrated   that  8 
|ii\i-itiiil  ("ivlii'Ti   pull's  continue  to  produce  in  dry  air  cyanogen  fl 
piiiiiiils.  iiiiil  that  hydrogen  always  forms  .an  essential  tngre 
siii-li    ji.ili-.      No   reference  was  made  in  this  paper  to  the  I 
oi-iiiiii  I't  any  lliititigs  in  the  Bpectrum  of  the  arc,  tho  sole  qw 
nLiilrv  1  iiiisiili  ratiim  being  tho  possible  exist«nce  of  carbon  compoaiM 
ill  thr  I'lii'hic  arc  taken  in  dry  chlorine,  on  tho  non-eiiatence  of  whic 
.\lr.  l.iukvir  liii-.(>i  his  proof  of  the  elementai-y  character  of  the  carbo 
spti  iiMiii,     Tliat  part  of  tho  paper  from  which  tho  qaotation 
relaieil  particularly  to  the  combination  of  nitrogen  with  the  a 

'   Mr.  1 kji'i-  huTiiig  iulioiied  the  fonnor  IibU  of  tlip  lut  slauM,  « 
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the  poles,  and  the  final  clause  added  in  the  published  paper  accords- 
with  it. 

There  is  no  inconsistency  between  the  opinion  there  expressed  and 
that  subsequently  given  in  the  paper  '^  On  the  Spectra  of  the  Com- 
pounds of  Carbon  with  Hydrogen  and  Nitrogen ;"  and  that  such  a 
charge  could  have  been  made  is  due  only  to  Mr.  Lockyer*s  having  quoted 
the  uncorrected  proof. 

To  come  to  the  omissions  we  have  made  in  reference  to  the  work  of 
others.  The  complaints  appear  in  such  remarks  as  the  following, 
which  we  extract  from  Mr.  Lockyer's  paper : — 

**  As  Messrs.  Liveing  and  Dewar  do  not  controvert  the  very  definite 
conclusions  arrived  at  by  Attfield,  Morren,  Watts,  and  others,  I  can 
only  presume  that  they  have  taken  for  granted  that  the  experimental 
work  performed  by  these  men  was  tainted  by  the]  presence  of  impuri- 
ties, and  that  it  was  impossible  to  avoid  them.** 

**The  only  reference  to  this  admirable  work,  in  which  vacuum  tubes^ 
and  the  electric  discharge  were  largely  employed,  which  I  can  find  in 
Messrs.  Dewar  and  Liveing*s  paper  is  the  following : — **  The  spectrum 
of  hydrocarbon  hunnag  in  air  has  been  .  .  .  described  ....  by 
Attfield.** 

It  was  not  our  intention  to  give  a  complete  historical  account  of 
what  had  been  done  previous  to  the  date  of  the  paper  by  Angstrom  and 
Tlialen  ('*  Nov.  Acta  ^^^.  Soc.  Upsal..**  1875),  as  in  that  paper  they  had 
discussed  the  observations  of  experimenters  who  had  been  engaged  on 
this  subject  before  that  time.  Nor  had  we  any  desire  to  avoid  or  con- 
trovert, or  take  anything  for  granted,  in  the  work  of  early  investiga- 
tors. We  merely  passed  over  for  the  sake  of  brevity  such  work  as  had 
not  stood  the  test  of  subsequent  investigation.  We  could  hardly  accept 
Dr.  Attfield*s  work,  however  good  for  its  time,  as  authoritative,  seeing 
that  his  experiments  were  made,  as  he  allows  ("  Phil.  Mag.,"  1875),  with 
very  imperfect  appliances,  and  evidently  without  his  being  so  well 
aware  as  we  now  are  of  the  nicety  required  in  regard  to  the  purity  of 
his  materials.  In  fact,  he  found  no  distinction  between  the  spoctmm 
of  carbonic  oxide  and  that  of  hydrocarbons,  and  found  the  lines  of 
nitrogen  in  the  spectrum  of  the  flame  of  cyanogen. 

We  can  hardly  be  charged  with  ignoring  Morren's  work,  for  we 
have  referred  to  it  again  and  again.  The  particular  passage  quoted 
by  Mr.  Lockyer  embodies  observations  and  conclusions  which  are  at 
variance  with  those  of  Pliicker  and  Hittorf,  as  well  as  of  Watts ;  and 
are  substantively  discusse<l  by  us  in  our  paper. 

Dr.  Watts'  position  with  reference  to  this  subject  deserves  very 
si)ecial  consideration,  as  he  has  perhaps  directed  his  attention  to  it 
more  continuously  and  laboriously  than  any  other  investigator.  And 
as  his  publications  have  extended  over  a  long  period  of  years,  it  is 
clear  that  a  grave  injustice  is  done  him  if  his  early  work  be  selected 
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for  quotation  instead  of  the  matarer  product  of  his  l&test  study.     Tliifi 
kind  of  sL'liictivo  quotation  does  not  represent  the  true  scientific  Bpirit. 

Tlif  quotation  frora  Dr.  Watts'  paper  ("Phil.  Mag.."  1869)  which 
Hr.  Lockyor  prefacea  by  this  remaj-k— "  His  work  was  thus  Sam- 
marifjcd  by  himself," — has  in  reality  no  reference  to  a  complete  summa- 
tion of  his  experiments,  but  has  solely  to  do  with  "  the  typical  form  of 
the  firxt  cnrbon  spectrnm,  tha.t  obtained  when  oleGant  gas  and  oxyg&i 
are  burnt  together  in  an  oxyhydrogen  blowpipe  jet."  That  this  is  the 
correct  view  of  Dr.  Watts'  position,  the  following  extracts  will  show 
"  The  spoetriim  obtained  from  cyanogen  varies  with  the  mode  of  pro- 
duction. Tlic  flame  of  cyanogen  in  oxygen  esliibits  -y,  f.  and  e;  tfao 
red  grinip  is  replaced  by  a  series  of  bands  which  show  an  opposite 
character  to  tlic  rest  of  the  spectrnm,  ina-smnch  as  each  baud  ia 
brightest  at  the  most  refracted  edge.  If  cyanogen  be  burnt  in  air  in- 
stead of  in  oxyjjen  these  bands  are  more  wjtmerous,  extending  Tiowiy 
to  f  and  replacing  7,  which  is  then  not  to  be  seen.  Instead  of  tha 
gronp/ wc  have  two  very  brilliant  groups  of  lines,  f,  which  incladte 
seven  lines,  and  (*,  which  is  composed  of  sis  lines." 

The  tivu  very  bril Hunt  groups  of  lines  wliicli  are  referred  to  as  f  and 
0  by  Watts,  iijui  which  distinguish  the  flame  of  cyanogen,  are  two  of 
the  sets  of  ehannclled  groupings  which  we,  in  our  paper  on  "Kw 
iSpei'tni  of  the  Cojjipounds  of  Carbon  with  Hydrogen  and  Kitrogm,' 
refcri-Cil  to  n  eoirijumnd  of  carbon  with  nitrogen.  Farther  on,  in  the  Muw 
p!ip('ri)f  Dr.  Wiitts,  the  following  occurs: — "In  comparing  the  spectm 
<ii  Hg.  I.  wcnnt  ice  that  the  changes  take  place  nt  the  ends  of  the  apootw^ 
the  I'fiitial  i.'i"'>Mlis,  7,  f,  c,  remain  anhstantially  the  same.  If  we 
I'niin  thr  s|"i'ini[ii  nf  the  oleliant  gas-flamo  to  that  of  the  cyanog»B» 
fl:nin'.  ive  llnil  ll]e  change  at  the  bine  end  of  the  spectrnm  consistJag 
in  the  ilis;i[i[)caniiice  of  the  group/and  its  replacement  by  the 
f  iuid  ('.  Tlic  group  /  is  not  absolutely  proved  to  belong  to  cArhmf- 
(liiiit  is.  il  nm-  be  I'jtused  by  carbonic  oxide  or  carbonic  anhydrids)' 
but  ilie  v'niniJs  f  and  9,  since  they  arc  common  to  carbonic  OxS&i 
cy:inr>p'ii.  and  napbtlialine,  must  be  due  to  ca,rboD,  and  their  preeecU 
may.  wlili  tniieli  |iri>l  I  ability,  be  attributed  to  the  higher  fempemlnn 

'  'WIk  II  Mr.  I..>rk\i.'i'  aiuki:s  tlii?  foUowiD^  stutcmeiit :— "  I  linTc  alaa  MpMttft 
M  i'i'<']i''.<'\|iL'rliii<'iil  :iiiit  mnflrmpd  it,  uid  I  hsT?  &1si)  found  that ) lie  iiDdDabtii 
-|iii-1riiiii  .■!  I  v:iii.i.'iii  is  Tiaiblo  neither  in  the  electric  arc  nor  in  th*  «urTanBdla|[^ 
lliiim-,  ■— 111'  I-  i-.r.'rriii;;  t<j  a  different  part  of  the  apootrum  aJtogelher  from  th«  Mt^ 
ur  li.iii'  li.'i  II  ili.<'ii~~iii<;,  iinil  tlic  application  of  Ihe  t«rin  "uudoiibtnj"  t«  tlMf 
-jpciili.-  piLii  .if  I'll'  ^]pi-i'lriiiii  to  which  ho  liero  refpT*  ie  iiniplj' 
hi-  ,.>.ii  u.  w.  Aii-ii-,.i.,  uiiii  Thnlt.1  in  thfir  "Beclicn'hes  aur 
1ST  .'p.  Iiii'i  ilpi'  |ppllpp"iiii-  |inhsBgc  :  —  "  Lee  groupe*  niiaiicfiii  do  cynnonfeno, 
h>-  ]p;iriii--  Minip-  .■!  i  i.ik'ttcs  du  9[iectT0,  90  raontreiit  aunBi,  »oit  qannJ  1" 
tniiiT-p'  I.I  i>iirlii'  liii-aiilti  d'unr  lIuiuDie  h  gai,  »oit  divn»  I'apo  Toltalque 
vlci'lr<.pil<'~   ilii   I'iMirhiiti  d'una   pile  puisNuitc.    Cepcndont,  ee  Jtei 
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On  the  gronnd  of  observing  these  two  characteristic  groups  of  lines 
"f  and  0  (onr  seven  bine  and  six  violet  nitrocarbon  bands)  in  the  spark 
spectra  of  carbonic  oxide,  cyanogen,  and  naphthaline,  Dr.  Watts  was 
entitled  at  the  time  to  infer  that  they  must  be  due  to  the  common 
element  carbon.  Dr.  Watts  has,  however,  made  many  experiments  on 
the  carbon  spectrum  since  the  date  of  that  paper,  and  to  neglect  to 
take  into  consideration  papers  published  by  him  since  1869  is  to  mis- 
represent his  position.  In  the  **  Phil.  Mag.**  for  1874,  he  wrote  in  a 
"Note  on  the  Carbon  Spectrum'*  as  follows  : — "  In  the  '  Phil.  Mag.' 
for  October,  1869,  I  described  four  different  spectra  as  spectra  of 
carbon.  One  of  them  was  the  ordinary  spectrum  from  hydrocarbon 
flames,  first  described  by  Swann ;  the  second  was  the  spectrum  ob- 
tained from  vacuum  tubes  inclosing  carbonic  oxide,  carbonic  anhy. 
drido,  or  defiant  gas ;  the  third  was  the  spectrum  of  the  Bessemer 
flame ;  and  the  fourth,  the  high  tension  spark  in  carbonic  anhydride 
or  carbonic  oxide. 

*'  I  have  since  shown  (^  Phil.  Mag.,*  1873)  that  the  Bessemer  flame 
spectrum,  instead  of  being  a  spectrum  of  carbon,  is  the  spectrum  of 
manganese  oxide;  and  I  have  had  now  to  add  the  result  of  recent 
observations,  which  show  that  the  second  spcctrnm  also  is  dne,  not 
to  carbon  itself,  but  to  some  oxule  of  carbon.  This  spectrum  was  held 
to  be  a  spectrum  of  carbon  because  it  was  common  to  compounds  of 
carbon  with  hydrogen  and  with  oxygen. 

^*  I  have  now  found  that  it  is  not  given  by  spectral  tubes  inclosing 
olefiant  gas  if  special  care  be  taken  to  exclude  all  traces  of  oxygen. 
.  .  .  .  We  have  therefore  only  one  spectrum  which  can  be  proved 
to  be  due  to  carbon — that,  namely,  which  is  common  to  the  flame  of 
olefiant  gas  or  cyanogen,  the  electric  discbarge  in  cyanogen  or  carbonio 
oxide  at  the  ordinary  pressure,  and  to  the  electric  discharge  in  vacnum 
tubes  inclosing  cyanogen,  olefiant  gas,  or  hydrocarbons,  such  as  benzol.'* 

We  infer  from  this,  that  the  groups  f  and  0  (our  seven  blue  and  six 
violet  nitrocarbon  bands),  which  are  certainly  not  common  to  all  the 
spectra  here  enumerated,  are  not  included  in  the  one  spectrum  which 
Dr.  Watts  at  that  time  assigned  to  carbon.  However  that  may  be,  it 
is  unnecessary  to  say  more  about  it  here,  for  we  have  quoted  enough 
to  show  that  Dr.  Watts*  conclusions,  in  1869,  ^rere  not  so  certain  that 
they  could  now  be  quoted  as  authoritative  against  the  inferences  drawn 
from  later  observations,  and  that  we  did  our  subject  no  injustice  in 
making  no  more  particular  allusions  to  them  than  we  did. 

But,  further,  after  describing  an  experiment  with  carbon  tetra- 
chloride, Mr.  Lockyersays: — "This  result,  which  entirely  endorses 
the  work  of  Attfield  and  Watts,  has  been  controlled  by  many  other 
experiments.**    If  we  may  assume  that  the  work  of  Attfield  and  Watts 

cyanog^ne,  qui  est  remarquable  par  T^Ut  rif  dei  niet,  n'eit  pas  pur,  mail  mll6 
dei  raim  de«  carburp*  d'hjdrog^ne,  dont  le  splcndeur  est  encore  plus  magniAquie." 
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alluded  to  is  that  described  in  the  previons  qaotations,  it  is  not  a  little 
remarkable  that  Mr.  Lockjer's  experiments  should  so  '*  entirely  en. 
dorse  "  what  Watts  himself  has  shown  to  have  been  in  part  erroneous. 

Lastly,  we  cannot  allow  Mr.  Lockyer's  assertion  that  AngBtrom 
and  Thalen*s  conclusions  '^  rest  more  upon  a  theory  which  has  been 
shown  to  be  false  since  the  labours  commenced,  and  analogy,  than 
upon  experiment/'  to  remain  uncorrected.  Their  conclnsions  are 
eminently  inductions  from  experiments  carried  on,  as  they  say,  during^ 
several  years,  of  which  the  most  important  are  particularly  described. 
Many  of  the  experiments  which  led  up  to  their  conclusions  had  been 
previously  published  by  Thalen  in  186G  ("  Arsskrift,  IJpsala  "),  in  a 
paper  in  which  he  correctly  described  and  distinguished  the  spectra  of 
hydrocarbons,  of  oxide  of  carbon,  and  of  carbon  respectively,  and 
besides  described  the  spectrum  of  the  spark  between  carbon  poles  in 
nitrogen.  This  paper  is  an  admirable  sample  of  good  experimental 
work,  and  its  perusal,  together  with  the  later  paper  of  1875,  leaves 

no  doubt  that,  whatever  theories  they  may  have  held,  Angstrom  and 
Thalen  relied  mainly  on  experiment  and  observation  to  prove  the 
soundness  of  their  conclusions. 

In  conclusion,  Mr.  Lockycr  introduces  a  reference  to  a  former  work 
of  ours  on  the  magnesium-hydrogen  spectrum,  and  to  a  theoretical 
deduction  regarding  the  interactions  which  might  produce  the  oometio 
spectrum,  making  the  following  remark  : — 

''  From  what  I  have  shown  it  will  be  clear  that  the  consequences 
drawn  in  the  following  paragraphs  by  Messrs.  Liveing  and  Dewar 
from  the  assumed  hydrogen-carbon  bands  are  entirely  invalid." 

As  this  opens  out  a  question  entirely  beside  that  in  hand,  de- 
pending on  the  validity  of  the  premises  from  which  Mr.  Lockyer  draws 
his  conclusion,  we  prefer  to  deal  with  it  when  we  discuss,  in  our  next 
paper,  the  spectra  of  carbon  compounds  and  the  experimental  evidence 
Mr.  Lockyer  has  adduced  in  support  of  such  assertions. 

VL  '*  On  the  Spectra  of  tho  Compounds  of  Carbon  with  Hydro* 
gen  and  Nitrogen.  No.  II."  By  G.  D.  LlVEXNQ,  M.A^ 
F.R.S.,  Professor  of  Chemistry,  and  J.  Dewab,  M.A^  F.R.S., 
JackRonian  Professor,  University  of  Cambridge.  Beoeived 
May  27,  1880. 

In  our  last  communication  on  this  subject  (antCy  p.  152),  we  thus 
summarised  the  results  of  our  observations  as  to  the  "nitrocarbon 
spectrum."* 

*  In  usin^  this  term  wo  merely  mean,  that  we  are  dealing  with  a  nieetnua  in* 
rariably  a8:>ociatcd  with  the  presence  of  nitrogen  and  carbon  in  raoh  oonditioiia  thai 
chemical  union  takes  place,  without  any  reference  to  the  partioiilsr  coBKgOuad 
produced. 
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**  On  a  review  of  the  whole  series  of  observations,  certain  points 
stand  ont  plainly  In  the  first  place,  the  seven  blue,  the  violet,  and 
nltra-violet  bands,  characteristic  of  the  flame  of  cyanogen,  are  con- 
Rpicuons  in  the  arc  taken  in  an  atmosphere  of  nitrogen,  air,  nitric  oxide, 
or  ammonia,  and  they  disappear,  almost,  if  not  qaite,  when  the  arc  is 
taken  in  a  n on- nitrogenous  atmosphere  of  hydrogen,  carbonic  oxide, 
carbonic  acid,  or  chlorine.*  These  same  bands  are  seen  brightly  in  the 
flames  of  cyanogen  and  hydrocyanic  acid,  bat  are  not  seen  in  those  of 
hydrocarbons,  carbonic  oxide,  or  carbon  disnlphide.  The  conclusion 
seems  irresistible  that  they  belong  to  cyanogen ;  and  this  conclnsion 
does  not  seem  to  us  at  all  invalidated  by  the  fact  that  they  are  seen 
weakly,  or  by  flashes,  in  the  arc  or  spark  taken  in  gases  supposed  free 
from  nitrogen,  by  reason  of  the  extreme  diflSculty  of  removing  the  last 
traces  of  air.  They  are  never,  in  such  a  case,  the  principal  or  pro- 
minent part  of  the  spectrum,  and  in  a  continuous  experiment  they  are 
seen  to  fade  out  in  proportion  as  the  nitrogen  is  removed.  This  con- 
clnsion is  strengthened  by  the  observations  of  one  of  us,  that  cyanogen 
(or  hydrocyanic  acid)  is  generated  in  the  arc  in  atmospheric  air  in 
large  quantity." 

The  observations  and  experiments  which  we  have  since  made  all 
tend  to  confirm  the  correctness  of  the  -foregoing  induction,  while  they 
help  to  remove  the  apparent  inconsistency  of  some  recorded  observa- 
tions  with   our  conclusions.      More   particularly    they   explain   the 

appearance  of  the  bands  which  we,  in  common  with  Angstrom  and 
Thalen,  have  ascribed  to  a  compound  of  carbon  with  nitrogen,  in  some 
cases  in  which  nitrogen  had  been  supposed  to  be  absent,  by  showing 
the  sensibility  of  the  spectroscopic  test  for  nitrocarbon  compounds 
under  varied  circumstances,  and  the  consequent  necessity  for  bome- 
thing  more  than  ordinary  care  in  the  preparation  of  materials  and  con- 
duct of  experiments,  if  inferences  dependent  on  the  presumed  absence  of 
nitrogen  (or  hydrogen,  as  the  case  may  be)  are  to  be  drawn  from  them. 

Tlie  Flame  of  Cyanogen. 

The  accompanying  diagram  (fig.  1)  shows  approximately  the 
relative  position  of  the  bands  in  that  part  of  the  spectrum  of  the 
flame  of  cyanogen  fed  with  a  jet  of  oxygen  which  is  more  refrangible 
than  the  Fraunhofer  line  F.  Only  those  bands  which  are  less  re- 
frangible than  the  solar  line  L  have  been  before  described,  but  photo- 
j^phs  show  another  set  of  two  shaded  bands  slightly  less  refrangible 
than  the  solar  line  N  accompanied  by  a  very  broad  diffuse  band  of  less 
intensity  on  the  more  refrangible  side  of  N;  also  a  strong  shaded  band, 
which  appear.s  to  be  absolutely  coincident  with  the  remarkable  shaded 

•  We  have  n"|wate(l  and  confirmed  the  experimentfl  with  the  De  Meritena  air 
in  different  gBj»cfl.     The  arc  examined  in  different  JImidt  alio  aupporta  the  original 

oonclu«iont. 
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band  in  the  solar  spectrum,  which  has  been  designated  by  the  letter  P ; 
and  near  this,  on  the  more  refrangible  side,  a  mnch  fainter  difPose  band, 
which  also  seems  to  coincide  with  a  part  of  the  solar  spectmm  sensibly- 
less  luminous  than  the  parts  on  either  side  of  it.  This  spectrum  is 
remarkably  persistent  at  all  temperatures  of  the  flame.  Watts  found 
that  it  did  not  disappear  when  the  flame  was  cooled  down  as  much  as 
possible  by  diluting  the  cyanogen  with  carbonic  acid ;  and  we  have 
found  that  it  retains  its  characters  when  the  cyanogen  is  burnt  in 
nitric  oxide.  The  flame  in  the  last  case  must  be  one  of  the  hottest 
known,  from  the  large  amount  of  heat  evolved  in  the  decomposition  of 
cyanogen  and  nitric  oxide,  namely,  74,500  and  43,300  units  per  molecule 
respectively.  There  is  in  the  case  of  cyanogen,  as  in  the  case  of  so  many 
other  substances,  a  difference  in  the  relative  intensities  of  the  different 
parts  of  the  spectrum  of  the  flame  at  different  temperatures,  but  no 
other  change  of  character  ;  and  we  are  unable  to  confirm  the  observa- 
tion of  Watts,  that  cyanogen  burning  in  oxygen  gives  only  the  bands 
which  we  assign  to  hydrocarbons.  It  is  true,  that  in  the  upper  part 
of  the  flame  where  much  or  all  of  the  cyanogen  is  oxidised  or  decom- 
posed the  spectrum  is  continuous,  but  at  the  base  of  the  flame  where  it 
is  issuing  from  the  nozzle  we  have  always  seen  the  nitrocarbon  bands, 
both  when  the  cyanogen  is  burning  in  oxygen  and  when  it  is  burning 
in  nitric  oxide. 

On  the  theory  that  these  groups  are  the  product  of  an  exceptional 
temperature  in  the  case  of  the  cyanogen  flame,  it  is  inconceivable  that 
they  could  disappear  by  combustion  in  oxygen,  instead  of  in  ordinary 
air.  Our  observations  accord  with  the  statement  of  Morren,  Plucker, 
Hittorf,  and  Thalen,  that  a  cyanogen  flame,  fed  with  oxygen,  when  it  is 
intensely  luminous,  still  yields  these  peculiar  groups.  We  have  found 
these  peculiar  groupings  in  the  flame  when  it  had  a  current  of  oxygen 
in  the  middle,  and  was  likewise  surrounded  outside  with  oxygen. 
There  is  nothing  remarkable  in  observing  only  a  continuous  spectrum 
from  any  hydrocarbon  or  nitrocarbon  by  using  excess  of  oxygen,  as  we 
know  from  Frankland's  experiments  that  carbonic  acid  and  water 
vapour  at  the  high  temperature  of  flame  under  compression  gives  a 
continuous  spectrum.  In  fact,  this  is  what  we  should  anticipate,  pro- 
vided intermediate,  and  not  the  final,  compounds  are  the  active  sources 
of  the  banded  spectrum. 

Each  of  the  five  sets  of  bands  shown  in  the  diagram  is  attended  on 
its  more  refrangible  side  by  a  series  of  rhythmical  lines  extending  to  a 
considerable  distance,  not  shown  in  the  diagram,  but  easily  seen  in  the 
photographs. 

Coal  gas  burning  in  oxygen  gives  no  bands  above  that  near  G  within 
the  range  of  the  diagram,  fig.  1,  nor  are  the  visible  cyanogen 
bands  seen  in  the  flames  of  many  organic  compounds  containing  com- 
bined nitrogen ;  but  beyond  this  our  photographs  show  a  spectrum 
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of  n,  character  quite  different  from  thB,t  at  the  lesB  refrangible  end. 
The  most  remarkable  part  of  this  spectrum  is  a  long  Beries  of  closely 
SL't  strong  lines,  tilling  tho  region  between  the  solar  lines  R  and  S, 
and  ending  abruptly  with  two  strong  lines  a  little  Jteyond  S.  These 
are  lines  of  varions  intensities,  not  regularly  arranged  so  as  to  give 
shaded  bands  like  those  in  the  less  refrangible  part  of  the  spectram. 
Beyond  thcMo  lines  there  is  another  Inrge  group  of  lines,  not  so  strongs 
or  so  closely  set,  bnt  sharp  and  well  defined.  It  will  be  a  work  of 
time  to  eiamine  in  detail  this  very  striking  and  peculiar  spectnun ; 
at  present  we  can  only  indicate  its  general  charaet«r.  We  are  not  yet 
sure  whether  it  is  produced  by  pare  hydrocarbons,  or  may  not  be  dae 
to  impurities  such  as  sulphur  in  the  coal  gas.* 

Sjiijrk  Discharge  in  Carbon  Telnutlilonde. 

We  have  conducted  the  experiments  with  carbon  tetrachloride  with 
great  care,  and  nnmerons  repetitions  on  account  of  the  prominenoB 
given  to  an  experiment  with  this  componnd  by  Mr.  Lockyer  in  a  recent 
"  Note  on  the  Spectrum  of  Carbon,  "  communicated  to  tho  Society,  and 
IxTnuse  our  results  in  every  case  diJTer  from  those  which  he  obtained. 

The  fonn  of  sparking  tube  employed  was  similar  to  that  naed  by 
iSiik't,  und  is  shown  in  the  annexed  diagram,  fig.  4.     This  was  attached 


by  thick  rubber  tubing  to  a  straight  glass  tube  of  which  one  half, 
about  ()  inchcK  long,  was  filled  with  phosphoric  anhydride,  and  ths 
other  half  with  small  fragments  of  soda-lime  to  prevent  any  chlorine 
from  the  dccom]>osition  of  tho  tetrachloride  by  the  spark  from  rescliui{f 
the  pump.  Tho  pump  was  connected  by  mbber  tubing  to  that  end  of 
the  tube  wliicli  conlaiiicd  soda-lime.  The  tetrachloride  used  had  been 
prepaii'd  in  onr  ()wn  laboratory  from  carbon  disulphide,  and  frac- 
tioniiteil  until  it  had  a  constant  boiling  point  of  77°  C.  Sufficient 
of  it  wiis  intioiluccd  into  the  sparking  tube  to  fill  nearly  one  quarter 
of  the  bnlb  at  tho  end,  and  the  whole  interior  of  the  tube  thorooffhly 
wetted  witli  it  in  order  to  facilitate  the  removal  of  the  last  traceaof  air. 

•  Sinrc  lliis  pansnKO  wni'  writtm  wp  linro  found  mton  to  bclieTC  that  tliit  i«. 
innrbilili-  'iioclruiii  it  iliio  tiol  to  nnj  I'arhon  compound,  but  to  wttcr.  At  thU  take* 
it  licvdiiil  tlic  fti-opc  cif  llie  pn'"Ont  pniKT,  we  pur]io>e  drahng  with  it  hi 
*e)KiraIo  i-uniiniiiiirnliiiii.    June  t*,  IHM). 
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The  Sprengel  pomp  employed  diffen  slightly  from  those  in  o 
use.  The  reserroir  is  n  globe  fonnel  (a,  fig.  5),  uid  the  ntlre  formed  bj 
&  ^ara  rod  (6)  nith  a  conical  tennination  gronnd  into  the  neok  of  the 
funnel.  This  rod  at  its  upper  end  posses  into  an  iron  femle  (e),  which, 
by  means  of  a  screw  and  a  small  frwne  fixed  at  the  top  of  the  globe, 
can  be  raised  or  lowered  at  pleasnre.  A  little  below  the  globe  the 
tnbe  expands,  and  the  lower  part  of  the  tnbe  enters  this  expansion, 


and  terminates  upwards  in  a  narrow  tnbe  of  pbtinnm,  ronnd  whioh  the 
glass  is  fosed.  By  this  means  the  mercnry  is  continnally  drawn  from 
the  centre  of  a  mass  of  mercnry,  and  there  is  less  chance  of  air  descending 
with  it.  Moreover,  as  the  eihaostion  proceeds  the  part  of  the  tube  h, 
above  the  level  of  the  fall  it,  becomes  vacaoas,  and  is  an  efiectnal  trap 
for  any  air  which  may  bo  sucked  down  with  the  mercnry  from  the 
globe.  The  necessity  for  such  a  trap  is  apparent,  for  when  the  pump 
has  been  in  continued  nee  for  two  or  three  days  there  is  always  a  smaU 
bnbble  of  air  collected  in  A. 
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When  the  tnbe  containing  the  tetrachloride  had  been  so  far  exhausted 
that  little  but  condensible  vapours  were  pnmped  out,  the  balb  was 
heated  so  as  to  fill  the  apparatus  with  vapour  of  tetrachloride,  the 
pump  still  going,  and  this  was  repeated  as  long  as  anj  incondensible 
gas  was  extracted.  Sparks  were  then  passed  through  the  tube  for  a 
short  time,  the  pump  still  being  kept  going.  After  a  short  time  it 
was  unnecessary  to  keep  the  pump  going,  as  all  the  chlorine  produced 
by  decomposition  of  the  tetrachloride  was  absorbed  by  the  soda-lime. 
On  now  examining  the  spectrum,  no  trace  of  any  of  the  bands  we 
ascribe  to  uitrocarbons  could  be  detected,  either  by  the  eye  or  by  photo- 
graphy, however  the  spark  might  be  varied.  The  violet  lines  of 
chlorine  described  by  Salet  were  more  or  less  visible,  coming  ont 
brightly  when  a  condenser  was  used.  Several  tubes  were  treated  in  this 
way,  and  many  photographs  taken,  but  always  with  the  same  result ; 
no  trace  appeared  of  either  the  seven  blue,  the  six  violet,  the  five  ultra- 
violet, or  of  the  still  more  refrangible  bands  of  the  cyanogen  flame.  It 
is  true  that  all  the  photographs  showed  three  lines  in  the  ultra-violet, 
but  these  do  not  at  all  closely  resemble  the  nitrocarbon  bands,  they 
are  not  shaded  like  the  nitrocarbon  bands.  The  least  refrangible  of 
the  three  is  coincident  with  the  middle  maximum  in  the  ultra-violet 
set  of  five  bands,  but  the  other  two  do  not  coincide  with  other  of  these 
maxima.  When  a  condenser  is  used  these  three  lines  come  out  with 
much  greater  intensity,  and  two  other  triplets  appear  on  the  move 
refrangible  side,  as  well  as  other  lines.  In  order  to  compare  the 
positions  of  these  lines  with  the  cyanogen  bands,  we  have  taken  several 
photographs  of  the  spark  in  tetrachloride  simultaneously  with  a  cyano- 
gen dame,  the  latter  being  thrown  in  by  reflexion  in  the  usual  way. 
Wmtten  and  Wainwright's  instantaneous  dry  plates  were  used,  and 
gave  a  strong  picture  of  the  cyanogen  flame  after  three  seconds'  ex- 
posure, but  in  order  to  ensure  getting  a  picture  of  all  the  lines  which 
the  spark  could  produce,  we  gave  an  exposure  of  three  minutes  to  the 
spark.  Not  one  of  many  photographs  so  taken  showed  any  traces  of 
the  cyanogen  bands.  The  general  character  of  the  violet  part  of  the 
spectrum  of  the  spark  in  carbon  tetrachloride  taken  without  a  oon- 
densor,  hut  not  the  exact  position  to  scale  of  wave-lengths  of  all  die 
lines,  is  shown  in  Diagram  1,  fig.  2.  Fig.  3  of  the  same  diagram  shows 
the  brightest  of  the  additional  lines  which  come  out  with  the  nse  of  a 
condenser.  Photographs  of  sparks  taken  in  hydrochloric  acid  showed 
a  precisely  similar  group  of  ultra-violet  lines,  so  that  we  have  no 
doubt  that  the  three  lines  which  our  photographs  show  amongst  the 
five  ultni-violet  nitrocarbon  bands  are  due  to  chlorine. 

A  bulb  tnbe  was  next  partly  filled  with  tetrachloride,  the  end  drawn 
out  to  a  long  narrow  neck,  and  the  tetrachloride  boiled  ont  in  an  oil» 
bath  (150°  C.)  so  as  to  expel  all  air,  and  the  tube  sealed  off.  This 
tnbe  likewise  showed  no  niti*ocarbon  bands. 
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A  bulb  was  then  blown  in  the  middle  of  a  piece  of  narrow  glass 
tnbing,  and  platinum  wires  sealed  into  it ;  some  carbon  tetrachloride 
was  introduced  into  the  bulb,  and  a  current  of  hydrogen  passed  throngh 
the  tube  at  atmospheric  pressure ;  when  the  air  was  judged  to  be 
expelled  sparks  were  passed  by  means  of  the  wires  in  the  bulb,  but  no 
nitrocarbon  bands  could  be  detected.  In  this  case  the  rapid  deposit 
of  carbon  soon  brought  the  observations  to  a  close,  but  the  result  was 
the  same  as  before. 

Solid  trichloride  was  next  tried.  It  was  introduced  into  a  tube 
similar  to  that  described  above  in  the  first  experiment  with  tetra- 
chloride, and  treated  as  the  tetrachloride  had  been,  the  trichloride 
being  mostly  sublimed  over  into  the  small  bulb  shown  in  fig.  4,  h. 
The  trichloride  was  found  to  behave  as  far  as  the  spectrum  is  con- 
cerned very  much  as  the  tetrachloride  had  done.  It  gave  no  nitro- 
carbon bands  at  all. 

Having  satisfied  ourselves  hj  repeated  trials  that  pure  carbon 
chloride  if  free  from  nitrogen  does  not  give  any  of  the  bands  we 
ascribe  to  nitrocarbon  compounds,  our  next  step  was  to  determine 
whether  the  addition  of  nitrogen  would  bring  them  out,  and  if  so  what 
quantity  of  nitrogen  would  make  them  visible.  For  this  purpose  we 
first  loosened  the  binding  of  the  rubber  tube  connecting  to  the  pump  a 
sparking  tube  containing  tetrachloride,  and  found  to  give  no  nitro- 
carbon bands,  and,  after  letting  in  very  little  air,  immediately  closed 
it  again.  On  now  passing  the  spark  the  six  violet  bands  at  onoe  ap- 
peared, and  soon  became  quite  bright,  the  seven  blue  bands  were  not 
seen  immediately  the  air  was  admitted,  but  they  too  were  in  a  short 
time  well  seen. 

After  trying  some  other  experiments  of  a  similar  kind  which  indi- 
cated that  a  very  small  quantity  of  nitrogen  was  sufficient  to  develope 
the  nitrocarbon  bands  in  one  of  these  tubes,  we  introduced  a  minute 
fragment  of  bichromate  of  ammonia,  carefully  weighed,  and  wrapped 
in  platinum  foil,  into  the  neck  of  one  of  the  sparking  tubes  containing 
carbon  tetrachloride,  connected  the  tube  to  the  Sprengel  pump,  and 
removed  the  air  as  before.  On  examination  of  the  spark  with  the 
spectroscope  no  trace  of  any  nitrocarbon  bind  could  be  detected.  A 
pinch-cock  was  now  put  on  the  rubber  tube,  and  the  bichromate  was 
heated  by  a  spirit  lamp  to  decomposition  (whereby  it  is  resolved  intt* 
nitrogen,  water,  and  oxide  of  chromium).  On  now  passing  the  spark 
the  six  violet  bands  were  well  seen.  There  was  no  change  in  the  condi- 
tion of  the  coil  or  rheotome,  so  that  the  spark  was  of  the  same  character 
as  it  had  been  before  when  no  nitrocarbon  bands  were  visible,  and  the 
change  in  the  spectrum  cannot  be  attributed  to  any  change  in  the 
spark.  The  weight  of  the  bichromate  was  between  '0005  and  *0006 
grm. ;  and  the  nitrogen  this  would  evolve  would  fill  just  about  ^  of  a 
cubic  centimeter  at  atmospheric  pressure.     The  tube  held  30  cub. 

2  H  2 
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centims.,  so  that  yapour  of  carbon  tetrachloride  when  mia»d  with  -g^ 
part  of  its  volame  of  nitrogen,  gives  under  the  action  of  the  electric 
spark  the  nitrocarbon  bands  distinctly.  Other  similar  ezperimentB 
confirmed  this  result.  It  is  worthy  of  remark  that  the  nitrocarbon 
bands  were  not  seen  instantaneously  on  the  admission  of  nitrog^  into 
the  tube,  but  were  gradually  developed,  as  if  it  was  necessary  that  a 
certain  quantity  of  nitrocarbon  compound  should  be  formed  under  the 
influence  of  the  electric  discharge  and  accumulated  before  its  spectrain 
became  visible. 

Spark  Discharge  in  other  Compounds  of  Ga/rhon. 

Some  carbon  bisulphide  was  introduced  into  another  tube,  which 
was  drawn  out  to  a  long  narrow  neck,  and  the  carbon  bisulphide 
boiled  out  in  an  oil-bath  at  200°  C,  amd  the  tube  sealed  off.  In  the 
spectrum  of  the  spark  taken  in  this  tube  no  nitrocarbon  bands, 
either  blue  or  violet,  could  be  detected  however  the  discharge  was 
varied. 

A  similar  tube,  containing  benzol  and  similarly  treated,  showed  m> 
trace  of  the  nitrocarbon  bands. 

Another  tube,  containing  naphthaline,  previously  well  washed  with 
dilute  sulphuric  acid,  dried  and  resublimed,  was  attached  to  the 
Sprengel  pump,  and  treated  as  the  tubes  with  tetrachloride  had  heen. 
The  spark  in  this  tube  likewise  showed  no  nitrocarbon  bands.  After 
a  time  the  tube  cracked,  and  then  the  nitrocarbon  bands  made  their 
appearance,  and  on  setting  the  pump  going  a  good  deal  of  gas  was 
pumped  out.  When  the  air  had  again  been  pretty  completelj 
exhausted,  the  nitrocarbon  bands  no  longer  showed,  but  graduallj 
reappeared  again  as  air  leaked  through  the  crack.  Another  tube, 
containing  a  mixture  of  naphthaline  and  benzol,  showed  no  trace  of 
the  nitrocarbon  bands. 

The  observation  of  the  nitrocarbon  bands  in  the  spectram  of  the 
spark  in  naphthaline  was  one  of  the  reasons  which  led  Watts  at  one 
time  to  ascribe  these  bands  to  carbon  only.  'Naphthaline  is  not  well 
adapted  to  be  the  sabject  of  a  test  experiment  in  this  case,  for,  faom 
its  mode  of  preparation,  it  is  liable  to  be  contaminated  with  nitro- 
genous bases ;  and  the  tension  of  its  vapour  at  ordinary  temperatures 
is  so  small  that,  unless  the  supply  is  kept  up  by  heating  the  tube,  the 
spark  soon  so  far  decomposes  it  that  the  spectrum  is  reduced  to  that 
of  hydrogen  only.  It  appears,  however,  from  our  experiments,  that  if 
the  naphthaline  is  sufficiently  purified  and  freed  from  air  it  does  not 
furnish  the  nitrocarbon  spectrum. 

As  Watts  laid  much  stress  on  the  occurrence  of  the  nitrocarbon 
bands  in  the  spectram  of  the  spark  taken  in  carbonic  oxide  at  alnio- 
spheric  pressure,  though  they  do  not  appear  in  carbonic  oxide  at 
reduced  pressures,  as  a  proof  that  these  bands  were  due  to  carbon  only. 
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we  hare  made  a  series  of  cftiefal  ezperimenta  with  oftrbonic  oxide 
at  fttmospherio  preBBnres. 

In  onr  first  experiments  with  this  substance  the  gaa  wsa  made  bj 
the  action  of  enlpharic  acid  on  dried  formiate  of  sodinm.  The  dried 
formiate  was  placed  in  a  flaslc  (fig.  <>)  fitted  with  a  mbber  stnpper, 
tlirongh  which  passed  the  tube  of  a  globe  fnnnol,  with  a  stop-cook  for 
the  admission  of  the  snlpbario  acid,  and  an  exit  tnbe  for  the  gas.  The 
latter  was  plngged  with  asbeatos  to  catch  any  liqnid  drops  which 
night  be  thrown  np,  and  was  oonnectod  by  a  thick  mbber  tabe  to  a 
tnbe  of  the  form  shown  in  fig.  6.  That  part  of  this  tabe  marked  a 
was  filled,  one-half  with  Boda>lime  to  catch  acids,  and  the  otiier  half 
with  phosphoric  anhydride  to  catch  moisture ;  the  gas,  after  puising 
throogh  thin  tube,  was  burnt  as  it  issued  from  the  narrow  opening  at  h. 


The  spectrum  of  the  spark  wm  obeerred  through  the  small  bulb  blown 
on  the  end.  The  sniphuric  acid  was  introduced  gradually  through  the 
funnel,  and  the  stream  of  gas  allowed  to  pass  through  th«  tnbe  for 
a  long  time.  Sparks  were  passed  between  the  wires,  and  the  spectmm 
oboerved  from  time  to  time.  At  first  the  sis  violet  bands  were  well 
seen,  and  the  seren  blue  bands  &intly;  but  gradually,  aa  the  air 
became  more  completely  expelled,  the  blue  bands  disappeared  entirely, 
and  then  the  violet  bands  so  far  died  out  that  it  was  only  by  mampii> 
lating  the  coil  that  they  conid  be  made  visible,  and  then  only  ve^ 
faintly  indeed.  A  bubble  of  air,  estimated  by  the  length  of  the  tnbe 
it  filled  to  be  about  -^^  of  the  volume  of  gas  in  the  flask  and  tube, 
was  now  introduced  through  the  funnel,  and  almost  immediately  tht 
bands  reappeared  brightly.  As  the  stream  of  gas  however  continned, 
they  again  gradually  died  away  until  they  were  represented  only  by  a 
bint  base.     It  was  snboeqnently  found  that  each  intzndndaon  of  frMh 
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acid  into  the  flask  was  attended  with  a  marked  increase  in  the  bright- 
ness of  the  nitrocarhon  bands,  which  died  away  again  when  the* 
current  of  gas  was  continued  without  fresh  introduction  of  acid.  On 
testing  the  acid  it  was  found  to  contain,  as  is  frequently  the  case  with 
sulphuric  acid,  a  small  quantity  of  oxides  of  nitrogen.  This  qoantity 
was,  howeyer,  so  small  that  the  amount  of  nitrogen  introduced  at  each 
introduction  of  acid  must  have  been  but  a  small  portion  of  the  amonnt 
introduced  in  the  bubble  of  air  above  mentioned,  jet  it  gave  a  Tery 
sensible  increase  in  the  brightness  of  the  nitrocarbon  bands.  The 
difficulty  of  getting  all  the  air  expelled  from  the  apparatus  led 
us  next  to  adopt  a  modification  of  this  experiment.  The  carbonio 
oxide  was  generated  by  heating  in  a  tube  of  hard  glass  in  an  ordinary 
combustion  furnace  a  mixture  of  pure  and  dry  potassium  oxalate  with 
one  quarter  of  its  weight  of  quicklime,  the  mixture  having  been 
previously  heated  for  some  time  so  as  to  expel  traces  of  anunonia. 
The  rest  of  the  apparatus  was  similar  to  that  used  in  the  previons 
experiment,  but  in  order  to  expedite  the  removal  of  the  air  the  narrow 
tube,  hj  was  connected  with  a  Sprengel  pump,  and  the  air  exhausted 
before  heating  the  oxalate.  The  distant  end  of  the  tube  with  the 
oxalate  waB  then  heated,  and  the  whole  apparatus  filled  with  carbonic 
oxide ;  it  was  then  again  exhausted  with  the  pump,  refilled  by  heating 
more  oxalate,  and  the  gas  allowed  to  stream  out  through  the  pump  for 
some  time.  The  heat  was  then  lowered,  sparks  were  passed  and  the 
spectrum  observed.  No  trace  whatever  of  the  nitrocarbon  bands  conld 
be  detected,  however  the  spark  might  be  varied.  The  pump  was  now 
set  going  again,  and  the  pressure  of  the  gas  reduced  to  1  inch  of 
mercury,  while  the  spectrum  was  observed  from  time  to  time.  Still  no 
trace  of  the  nitrocarbon  bands  could  be  detected.  More  of  the  oxalate 
was  next  heated,  and  the  observations  repeated  ag^in  and  again, 
always  with  the  same  result.  We  came,  therefore,  to  the  conclnaion 
that  carbonic  oxide,  if  quite  free  from  nitrogen,  does  not  give,  at  the 
atmospheric  or  any  less  pressure,  the  nitrocarbon  spectrum. 

From  Dr.  Watts'  account  of  his  experiments,  it  appeared  that  he 
had  used  carbonic  oxide  prepared  by  the  action  of  sulphuric  aoid  on 
ferrocyanide,  and  it  was  probable  that  it  might  have  been  contaminated 
with  nitrogen,  or  with  nitrogenous  compounds,  from  the  ferrocyanide. 
We  accordingly  repeated  our  experiments  with  carbonio  oxide  so 
prepared,  and  found  that  the  nitrocarbon  bands  were  then  alwayi^ 
distinctly  seen. 

We  have  also  repeated  Angstrom  and  Thalen's  experiments  wiUi  the 
spark  between  carbon  poles  in  nitrogen  and  carbonic  acid  gas.  For 
this  we  used  a  wide  glass  tube  (fig.  7),  to  one  end  of  which  a  qnaviB 
lens,  a,  was  cemented,  while  the  other  was  stopped  with  a  oork,  through 
which  were  passed  two  stout  platinum  wires  with  little  oones  of  oarfaoB 
(^),  purified  in  Bunsen's  manner,  fastened,  as  shown  in  the  figme^  om 
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to  their  eoda.  Two  narrow  glaw  tnbei  wore  alao  pused  throngh  tha 
cork,  one  reaching  the  whole  length  of  the  bigger  tube  for  the  istro- 
daction  of  gas,  and  the  other  a  short  one  for  exit.  The  tnbe  was  fint 
filled  with  nitrogen.  On  passing  the  spark  we  obserred,  as  Angotrdm 
and  Thal&n  sa;,  that  abont  the  poles  the  nitrocarbon  bands  wen 


plainl]'  seen ;  and  they  were  visible  through  a  great  range  of  Tariations 
of  the  character  of  the  spark ;  even  the  nse  of  a  condenser  of  moderat* 
size  (a  litre  flask  full  of  salphoric  acid  and  coated  to  the  neck  with 
tinfoil)  did  not  diminish  tbem.  Photographs  were  then  taken,  with 
and  witboat  tho  use  of  the  condenser,  and  these  showed  the  nolet  and 
ultra-viulet  nitrocarbon  bands  inclading  those  near  N  and  P.  The 
nitrogen  was  now  swept  ont  hj  a  current  of  carbonic  acid  gas,  and  on 
nowpassiog  the  spark  the  nitrocarbon  bands  conld  no  longer  be  detected, 
and  photographs  taken  as  before  showed  no  trace  of  an;  of  them. 

In  order  further  to  test  the  seosibilit;  of  the  spectroscopic  test  for 
nitrocarbon  compounds,  and  the  permanence  of  each  componnds  under 
variations  in  the  electric  discharge,  we  drew  oat,  so  as  to  form  long 
narrow  necks,  both  ends  of  a  glass  tube  of  110  cub.  centims.  capacitj 
which  had  wires  soaleil  into  it  in  the  same  waj  as  before,  and  into  one  of 
these  necks  we  introdncctl  a  minute  quantity,  -002  grm.,  of  menmry 
cyanide ;  a  current  of  hydrogen  was  then  passed  through  the  tnbe  at 
atmospheric  pressure,  and  when  it  was  judged  that  the  air  most  be 
thoroughly  expelled,  the  tube  was  cloaed  by  the  blowpipe.  On  i^rrirg 
the  spark  no  trace  of  nitrocarbon  bands  conld  be  seen.  The  mercniy 
cyanide  was  then  heated  to  decomposition  by  a  spirit  lamp.  Tha 
nitrocarbon  bands  immediately  made  their  appearance,  and  were  well, 
even  brightly  seen,  and  they  did  not  disappear  when  a  strong  spark 
from  a  very  powerful  induction  coil  was  passed,  or  even  with  the  nse 
of  a  condenser  consisting  of  two  such  flasks  as  are  above  mentioned. 
There  was  no  sign  of  any  permanent  decomposition  of  the  cyaaidoi- 
the  bands  continued  to  show  well  aft«r  the  passage  of  the  spark  had 
l)een  maintained  for  a  long  time.  The  whole  quantity  of  cjanogsn 
which  the  amount  of  cyanide  introduced  wonid  give  if  it  were  wholly 
decomposed,  which  is  not  the  case  at  the  tempeisture  employed,  is  Ism 
than  f^  of  the  volume  of  the  whole  tnbe,  i.s.,  of  the  hydrogen  with 
which  it  was  mixed. 

It  appean  from  thin  ezpertmeut  not  only  that  the  teat  U  on  extntnalj 
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sensitive  one  for  nitrocarbon  componnds,  but  that  cjanog^  is  far  more 
permanent  under  the  electric  discharge  when  mixed  with  a  large  bulk  of 
hydrogen  than  when  the  discharge  is  passed  through  cyanogen  alone. 

o 

In  all  the  foregoing  experiments  the  bands  which  Angstrom  and 
Thalen  ascribe  to  hydrocarbons  were  always  more  or  less  plainly  seen ; 
and  we  have  come  to  the  conclusion  that  much  more  care  than  has 
generally  been  thought  necessary  is  needed  if  the  last  traces  of 
hydrogen  and  its  compounds  are  to  be  removed  fh>m  spectral  tubes. 
Indeed,  we  do  not  think  that  all  water  can  be  removed  from  apparatus 
and  reagents  which  do  not  admit  of  being  heated  to  redness.  To 
illustrate  thid,  we  may  mention  one  or  two  experiments. 

Into  the  bulb  of  a  sparking  tube  similar  in  form  to  that  of  fig.  4, 
but  rather  longer,  some  loose  phosphoric  anhydride  was  introduced  and 
then  some  well  dried  and  redistilled  carbon  bisulphide.  The  end  of 
the  tube  having  then  been  drawn  out  the  carbon  bisulphide  was  boiled 
out  in  an  oil-bath  at  a  temperature  of  200^  C,  and  the  tube  sealed  offl 
On  passing  the  spark  without  condenser  the  hydrocarbon  bands  were 
discernible,  and  on  putting  on  the  condenser  the  hydrogen  line  G  came 
out  plainly  and  was  identified  by  comparison  with  an  ordinary  vacnnm 
tube  containing  hydrogen.  One  would  have  supposed  that  the  phos- 
phoric anhydride  would  have  retained  all  the  moisture,  and  that  there 
could  be  no  other  source  of  hydrogen  in  the  tube. 

In  another  experiment  a  mixture  of  carbonate  of  sodium  and  bono 
anhydride,  previously  to  admixture  heated  red  hot,  was  introduced  into 
one  end  of  a  piece  of  combustion  tube,  near  the  other  end  of  which  wires 
had  been  sealed,  and  the  open  end  drawn  out ;  the  mixture  was  then 
heated,  and  when  it  was  judged  that  all  the  air  was  expelled,  the  tube 
was  scaled  off  at  atmospheric  pressure.  On  passing  sparks  through  it 
carbonic  oxide  bands  and  oxygen  lines  could  be  seen,  but  no  hydrc^gen, 
hydrocarbon,  or  nitrocarbon  bands  could  be  detected.  It  appears, 
therefore,  that  the  application  of  a  red  heat  is  likely  to  prove  a  more 
effectual  means  of  getting  rid  of  moisture  than  the  use  of  any  desic- 
cating agent. 

The  first  point  we  have  had  before  us  in  these  investigations  is 
whether  the  groups  of  shaded  bands  seen  in  the  more  refrangible  pert 
of  the  spectrum  of  a  cyanogen  flame,  of  which  the  three  'vhich  can  be 
detected  by  the  eye  are  defined  by  us  in  our  previous  paper  on  this 
subject  by  their  wave-lengths  (4600  to  4502, 4220  to  4158,  and  3883  to 
3850),  are  due  to  the  vapour  of  carbon  uncombined,  or,  as  we  con- 
clude, to  a  compound  of  carbon  with  nitrogen. 

Now,  the  evidence  that  carbon  uncombined  can  take  the  state  of 
vapour  at  the  temperature  of  the  electric  arc  is  at  present  very  impe^ 
feet.  Carbon  shows  at  such  temperatures  only  incipient  fiisioBp  if  so 
much  as  that,  and  that  carbon  uncombined  should  be  vaporised  at  the 
far  lower  temperature  of  the  flame  of  cyanog^  is  so  incrediUe 
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hypothesis,  that  it  ought  not  to  he  accepted  if  the  phenomena  admit 
of  any  other  probable  explanation.  On  the  other  hand,  we  have 
shown  that  cyanogen  or  hydrocyanic  acid  is  generated  in  large  quan- 
tity in  the  electric  arc  taken  in  nitrogen,  and  Berthelot  has  shown 
that  hydrocyanic  acid  is  produced  by  the  spark  discharge  in  a  mix- 
ture of  acetylene  and  nitrogen,  so  that  in  the  cases  in  which  these  bands 
shine  out  with  the  greatest  brilliance,  namely,  the  arc  in  nitrogen  and 
the  cyanogen  flame,  we  know  that  nitrocarbon  compounds  are  present. 
Further,  wo  have  shown  that  these  bands  fade  and  disappear  in  pro- 

portion  as  nitrogen  is  removed  from  the  arc.  Angstrom  and  Thal^n 
had  previously  shown  the  same  thing  with  regard  to  the  discharge 
between  carbon  electrodes ;  and  the  conclusion  to  which  they  and  we 
have  come  would  probably  have  commanded  universal  assent  if  it  had 
not  been  for  the  fact  that  these  bands  had  been  seen  in  circumstances 
where  nitrogen  was  supposed  to  be  absent ;  but  where,  in  reality,  the 
difficulty  of  completely  eliminating  nitrogen,  and  the  extreme  sensi- 
bility of  the  spectroscopic  test,  had  been  inadequately  apprehended. 

To  clear  up  the  question  from  this  point  of  view,  the  experiments 
now  detailed  have  been  made,  and  they  appear  to  us  quite  conclusive. 
Were  the  evidence  less  conclusive  than  it  is,  it  would  still  be  as  rash 
tfnd  as  illogical  to  conclude  from  the  appearance  of  the  nitrocarbon 
bands  in  a  case  where  nitrogen  was  presumed,  not  proved,  to  be 
absent,  that  they  were  not  due  to  a  nitrocarbon,  as  it  would  be 
to  deny  that  the  well-known  yellow  lines  were  due  to  sodium, 
because  they  had  been  seen  in  cases  where  sodium  was  supposed  to 
be  absent.  Our  argument  is  an  induction  from  a  very  long  aeries 
of  observations  which  lead  up  to  cue  conclusion,  and  hardly  admit  of 
any  other  explanation.  But  Mr.  Lockyer  attempts  to  explain  tlia 
disappearance  of  the  bands  when  nitrogen  is  absent,  bj  the  state- 
ment, ^  that  the  tension  of  the  current  used  now  brings  one  set  of 
flutings  into  prominence,  and  now  another."  This  is  no  new  obserr^- 
tion.  It  is  well  known  that  variations  in  the  discharge  prodnoe 
variations  in  the  relative  intensities  of  different  parts  of  a  spectrum. 
Certain  lines  of  magnesium,  cadmium,  zinc,  and  other  metals,  very  bril* 
liant  in  the  spark,  are  not  seen,  or  are  barely  seen,  at  all  in  the  arc.  ESa 
remark  might  be  applied  to  the  Fpectra  of  compounds  aa  well  aa  to 
those  of  elements.  Variation  in  the  discharge  accounts  very  well  for 
some  of  the  variations  of  intensity  in  the  bands  if  they  be  due  to  a 
nitrocarbon ;  it  will  not,  however,  account  for  the  fact  observed  by  na, 
that  the  bands,  or  those  of  them  which  have  the  greatest  emisaiTe 
power,  and  are  best  developed  by  the  particular  current  used,  come 
out  on  the  addition  of  a  minute  quantity  of  nitrogen,  when  there  la 
every  reason  to  think  that  no  variation  of  the  current  oocora.  * 

*  It  li  worthy  of  not«,  that  if  we  number  the  fete  of  buide  of  the  ■nw^tnim  of 
hjdrocarbont,  bc^ning  with  the  orange  eet,  ftod  those  of  ejanofni,  beghuuBf  with 
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as  approximately  that  of  the  least  refrangible  edge  of  the  oltra-violet 
set  of  bands  next  above  K,  whereas  in  onr  former  paper  we  had  given 
it  as  3883*5.  Now,  as  we  have  before  explained,  we  have  never  set 
ourselves  to  the  exact  determination  of  wave-lengths,  we  have  rather 
used  them  as  convenient  handles  by  which  to  designate  particular 
lines ;  but  a  repetition  of  the  measures  of  our  photographs  does  not 
confirm  Mr.  Lockjer's  number.  The  photographs  were  those  of  the 
arc  from  a  De  Meritens  machine  in  one  of  our  lime  crucibles,  and 
gave  the  iron  lines  well  developed ;  and  we  used  the  iron  lines,  wave* 
lengths  3906,  3902, 3898*5, 3894*8,  and  the  pair  between  3877  and  3878 
as  lines  of  reference.  These  measures  give,  as  a  minimum,  the  wave- 
length 3882' 7.  In  Comu*s  map  a  manganese  line  is  given  with  the  wave- 
length 3881.  None  of  our  photographs  show  this  line,  though  man- 
ganese was  purposely  introduced  into  the  crucible,  and  the  other  man- 
ganese lines  came  out  well  and  strong.  We  should  not  put  a  deter- 
mination made  in  this  way  against  a  direct  determination  of  the  wave- 
length by  a  diffraction  grating ;  but  unless  there  be  an  error  in  the 
identification  of  the  iron  lines,  or  Comu*s  wave-lengths  for  those  lines 
be  eiToneous,  neither  of  which  suppositions  is  at  all  probable,  we  con- 
clude that  the  wave-length  is  more  nearly  3883  than  3881.  If  this  be 
correct,  the  band  covers  a  markedly  luminous  portion  of  the  solar 
spectrum  as  shown  in  Comu's  map. 

Mr.  Lockyer  has  forced  us  to  go  again  over  some  of  the  ground 
which  we  had  previously  traversed,  by  making  such  a  statement  as 
the  following : — 

**  I  have  therefore  thought  it  desirable  to  go  over  the  g^und  again, 
modifying  the  experimental  method  so  as  to  demonstrate  the  absence 
of  impurities.  Indeed,  I  have  started  upon  a  somewhat  lengthy  re- 
search, and  have  taken  a  large  number  of  photographs  under  various 
conditions,  so  that  to  reduce  them  all  will  be  a  work  of  time.  I  beg 
pi^rmission,  therefore,  in  the  meantime,  to  submit  to  the  notice  of  the 
Society  an  experiment  with  a  tube  containing  CCI4,  which,  I  think, 
establishes  the  conclusions  arrived  at  by  prior  investigators.  And  I 
may  add  that  it  is  the  more  important  to  settle  the  question,  as 
Messrs.  Liveing  and  Dewar  have  already  based  upon  Uieir  oondiisions 
theoretical  views  of  a  kind  which  appear  to  me  oalcnlatad  to  mislead, 
and  which  I  consider  to  have  long  been  shown  to  be  enoneons," 

As  we  have  now  demonstrated  the  utterly  unaatisfiaotorj  oharacter 
of  the  crucial  experiment  on  the  strength  of  which  Mr.  Lockyer  con- 
demns in  so  sweeping  a  manner  oar  conduaiona,  it  ia  anneoeaaary  to- 
add  any  further  comment.* 

*  Mr.  Lookyer  his  communioatad  to  tho  Sooietj  a  *'  FiutUmt  Hole  oo  the  Spec- 
trum of  Carbon,"  linee  the  abore  was  writton.  We  aee  no  raaaon  to  sodiiy  our 
(Mnelttnone  regarding  the  earbon  tpeeinun  on  aeeonnt  ol  a^j  new  facte  brought 
f urward.    The  difcuieion  of  the  paper  we  leave  until  a  future 
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Water  was  mn  into  the  hanging'  tank  from  a  cistern  at  a  cxmsider- 
able  height  aboTe  it.  This  gave  a  convenient  means  of  applying  stress 
slowly  or  qnickly  at  will,  and  at  a  sensibly  nniform  rate.  When  not 
otherwise  specified,  the  rate  of  flow  of  water  into  the  tank  is  to  be 
nndoratood  to  hare  been  abont  1  kilo,  in  lli  seconds. 

The  iron  wires  were  I'l  millim.  in  diameter,  and  the  length  under 
test  was  2r>l)  miltims. 

Fig.  1  shows  one  of  the  diagnuna  of  a  coutinnons  test,  in  which  the 
flow  of  water  was  ooDtinned  nniformly  at  the  abore  rate  nntU  the  wire 
broke.  The  faoriEontal  ordioKtee  give  the  stress  in  Idlogrammes,  the 
vertical  ordinates  give  the  elongation  in  percentages  of  the  original 
length.  The  line  is  sensibly  straight  nntil  the  stress  is  abont  21  kilos. ; 
after  that  it  cnrves  rapidly  bnt  rather  irregnlarly.  The  breaking  stress 
in  this  example  was  37'£  kilos.,  and  the  final  elongation  163  per  cent. 

Pig.  2  shows  the  effect  of  maintaining  a  constant  stress  on  the  wire 
for  a  considerable  time.     When  the  stress  reached  85  kilos,  the  flow  of 


water  was  stopped,  and  this  load  was  allowed  to  remain  on  the  wil« 
for  an  interval  of  45^  honrs,  after  which  the  flow  of  water  was  resiimed 
at  the  same  rate  as  before,  and  oontinned  nntil  the  wire  broke.  The 
rffect  was  most  remarkable.  Instead  of  contintung  to  lengthen  at 
once  when  the  flow  of  water  was  resnmed,  the  win  rofnsed  to  stretch 
further  nntil  the  stress  row  to  abont  40  kilos.  There  was,  in  fitct,  a 
new  "limit  of  elasticity"  at  this  point.  When  the  stress  exceeded 
40  kilos,  the  wire  ran  down  rapidly,  and  finally  broke  with  a  load 
of  41  kilos,  and  a  total  elongation  of  13}  per  cent.  The  breaking 
strength  was  therefore  greater,  and  the  elongation  leas,  than  when  the 
wire  was  tested  continnoturly. 

This  effect,  which  I  shall  call  the  "hardening  effect,"  depends  on 
the  length  of  time  dnriag  which  the  test  is  intermpted.    Fig.  S  shows 
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Mach  the  same  may  be  said  with  regard  to  the  changes  of  the 
spectrum  produced  by  changes  of  temperature.  We  cannot  infer  from 
any  of  these  changes  that  the  spectrum  is  not  due  to  a  compound. 
The  bands  in  question  are  singularly  persistent  through  a  great  range 
of  temperatures,  from  the  temperature  of  a  cyanogen  flame  cooled  by 
admixture  with  carbonic  acid  gas,  as  related  by  Watts  ("Phil.  Mag.," 
1869,  p.  258),  to  that  of  the  spark  of  an  induction  coil  with  condenser. 

But  again,  Mr.  Lockyer  attempts  to  get  over  the  difficulties  of  liis 
case  by  the  supposition  that  ''  the  sets  of  carbon  flutings  represent 
different  molecular  groupings  of  carbon,  in  addition  to  that  or  those 
which  give  us  the  line  spectrum.** 

Now,  until  independent  evidence  that  carbon  can  exist  at  aU  in  the 
state  of  vapour  uncombined  at  the  temperature  of  a  cyanog^  flame 
can  be  adduced,  and  further  independent  evidence  of  the  existence  of 
different  groupings  in  such  vapour,  the  hypothesis  here  enunciated  is 
a  gratuitous  one,  so  long  as  any  other  hypothesis  for  which  inde- 
pendent evidence  can  be  adduced,  as  is  true  of  the  existence  of  nitro* 
carbon  compounds  in  the  flame,  arc,  and  spark,  will  sufficiently  explain 
the  factfl. 

Whether  or  no  the  nitrocarbon  bands  are  visible  in  the  solar  spectnun 
is  not  in  dispute,  for  wc  have  never  hitherto  expressed  any  opinion  on 
that  point.  The  observation  above  recorded,  that  there  is  in  the 
spectrum  of  cyanogen  a  strong  shaded  band  coincident  with  the  very 
characteristic  dark  shaded  band  P,  strengthens  materially  the  evidence 
in  favour  of  the  existence  of  these  bands  in  the  solar  spectrum ;  the 
more  so,  as  the  series  of  lines  at  P  has  far  more  of  the  distinctiTe 
character  of  the  cyanogen  spectrum  than  any  other  series  in  the  iiltr»> 
violet  part  of  the  solar  spectrum. 

However  that  may  be,  we  contend  against  the  hypothesis  that  if 
present  they  can  be  due  to  any  vapour  of  carbon  uncombined  in  the 
upper  cooler  region  of  the  chromosphere.  One  object  of  oar  inyesti- 
gations  has  been  to  determine  the  permanence  of  compounds  of  non- 
metallic  elements,  and  the  sensitiveness  of  the  spectroscopic  test  in 
regard  to  them.  It  appeared  probable  that  if  such  componnds  existed 
in  the  solar  atmosphere  their  presence  would  be  most  distinctly  re- 
vealed in  the  more  refrangible  part  of  the  spectrum,  and  this  is  % 
subject  with  which  we  purpose  to  deal  in  a  further  commanicatioift. 
In  the  meantime  it  is  sufficiently  clear  that  the  presence  of  nitrogen 
in  the  solar  atmosphere  may  be  recognised  through  cyanogen  when 
free  nitrogen  might  escape  detection. 

In  a  footnote  of  his  psLpev  Mr.  liockyer  assigns  the  wave-length  S881 


the  least  refrangible  of  those  shown  in  our  diagram,  fig.  1,  then  the 
in  the  hydrocarbon  flame-spectrum  are  S  and  6,  while  in  the  viaUe  part  of 
spectrum  of  cyanogen  they  are  3  and  4,  but  there  are  conditiona  of  the 
spectrum  in  wliicli  the  three  lines  near  G  seem  to  be  moat  pertiatent. 
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ceptible  "  knee  "  in  the  carve  similar  to,  bat  of  course  mnch  smaller 
thsD,  that  shown  in  6g.  3. 

Experiments  have  also  been  made  to  determine  the  effect  produced 
bj  completely  relieving  the  wire  of  stress  for  a  time,  and  theo  con- 
tinninj;  the  test.  Fig.  4  is  an  example  of  the  effect  observed.  lu  this 
eiampte,  when  the  stress  reached  35  kilos.,  the  flow  of  water  into  the 
tank  was  stopped,  and  the  tank  was  emptied  by  opening  a  slop-cock 
at  the  bottom.  This  bronght  the  line  in  the  diagram  bock  to  the  line 
of  no  stress.  The  wire  was  then  left  without  stress  for  19^  hours, 
aftcT  which  wat«r  was  ran  into  the  tank  again,  at  the  nsual  rate,  nntil 
the  wire  broke.  The  result,  as  may  bo  seen  from  the  diagram,  wsu 
that  no  considerable  lengthening  took  place  until  a  stress  far  exceeding 
35  kilos,  was  reached.  It  was  not  until  the  stress  reached  nearly 
40  kilos,  that  the  wire  began  to  stretch  ^ain,  and  then  it  stretched 
rapidly,  and  broke  with  the  comparatively  small  final  elong&tion  of 
less  than  13  percent. 

Here  the  interval  of  nn  strrss  had  an  hardening  effect  exceedingly 
similar  to  the  effect  prodnced  by  an  interval  of  conifani  stress. 

In  the  test  shown  in  fig.  4  there  was  a  gradoally  diminishing  stress 
on  the  wire  while  the  tank  was  being  emptied,  and  a  gradually  in- 
cronsiiig  stress  on  it  while  the  tank  was  being  refilled.  To  show  that 
the  hardening  effect  observed  was  not  dno  to  these  stresses,  I  made 
the  experiment  whose  diagram  is  given  in  tig.  5,     Here  the  wire  waa 


Sliowing  rIFert  of  reimitinjt  llir  losd  when  it  nachfd  S&  kilogrsmmn,  and  repdamng 
it  without  IraTJni;  an;  Miuiblp  iiitrmtl  during  whii'h  Ihc  wire  wai  free  fium  itnn. 


stressed  np  to  the  same  point  as  before  (35  kilos.),  tl 
mn  oat  of  the  tank  at  the  tame  rate  aa       Sg-  4^  i 
in  again.      The  circnmstanoea   of  this  u 

i<l('ntical  with  those  of  Uie  preceding  OM^ 
no  Honsible  interval  daring  irbicb  the  ■ 
this  case  a  small  hardening  effect,  nidi  M 


Prof.  A.  Ewing.  [June  U^ 


VII.  "  On  certain  Effects  of  Stress  on  Soft  Iron  Wires."  By  J. 
A.  EwiNG,  B.Sc,  F.B.S.E.,  Professor  of  Mechsnical  Engi- 
neering in  the  University  of  Tokio,  Japan,  Communicated 
byFLEEMiNQ  Jenkin.  F.R.S.,  Professor  of  CSvil  Engineering 
in  the  University  of  Edinburgh.     Received  May  24,  1880. 

The  following  is  &  prehminary  notice  of  some  of  the  reaalts  of  ez- 
perimeuta  whioh  are  atill  in  progress.  As  I  hope  to  pabliah  later  » 
.detailed  acconnt  of  the  whole  iDvestigation,  it  ie  nnueccBBary  to 
describe  here,  in  more  than  brief  oatline,  the  apparatna  which  has 
been  employed. 

The  wires  experimented  on  were  of  soft  Japtmese  iron,  drawn  in 
Japan,  and  annealed  shortly  before  being  tested.  Each  wire  was 
stressed  separately  by  being  hang  vertically  from  a  strong  fiuns^ 
a  tank  capable  of  holding  100  kilos,  of  water  being  attached  to 
the  lower  end  of  the  wire.  The  weight  of  the  empty  tank  ww 
balanced,  so  that  the  stress  on  the  wire  was  dae  only  to  the  weight  of 
water  in  the  tank.  The  tank  was  circular  and  of  nniform  ^'a^ittwr 
from  top  to  bottom,  and  the  slreaa  on  the  wire  waa  therefore  propo^ 
tional  to  the  height  of  water  in  the  tank.  This  height  waa  racoidBiI 
on  a  sheet  of  paper  drawn  along  by  a  float,  which  rose  as  tliB  wate 
was  ran  in.  A  pencil  travelled  transversely  across  the  paper  thmn^ 
distancea  proportional  to  the  elongation  of  the  wire.  In  this  way  a 
continaons  diagram  was  antomaticaUy  drawn,  showing  the  nlation  of 
the  strain  or  elongation  to  the  atresa  ^m  aero  stress  np  to  Uia 
breaking  point. 


Streas  iacreaaed  uniforml; 
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We  maj,  therefore,  expect  that  whenever  the  ▼iscous  effect  is  great 
relatively  to  the  hardening  effect,  a  wire  will  show  to  greater  advan- 
tage as  regards  its  breaking  strength,  and  to  less  advantage  as' 
regards  its  elongation,  when  tested  quickly  than  when  tested  slowly. 
This  is  probably  the  case  with  tin,  copper,  and  other  metals  in  which 
the  viscous  effect  is  great.  [I  have  not  tested  tin  wires,  but  copper 
and  also  brass  wires  show  a  perceptible  hardening  effect  under  con- 
stant stress,  much  less,  however,  than  that  shown  by  soft  iron.] 

When,  on  the  contrary,  the  hardening  effect  is  great  relatively  to 
the  viscous  effect,  a  wire  will  show  to  greater  advantage  as  regards 
breaking  strength,  and  to  less  advantage  as  regards  elongation  the 
more  slowly  it  is  tested.  This  is  the  case  with  soft  iron,  at  least  in 
circumstances  like  those  of  the  above  experiments. 

The  experiments  show  that  even  such  variations  in  the  rate  of 
applying  stress,  or  such  intermissions  of  stress  as  are  liable  to  occur 
in  practical  testing,  arc  sutiicient  to  affect  most  materially  the  results 
of  the  test. 

A  batch  of  specimens  cut  from  the  same  coil,  and  similarly  treated 
in  every  way,  give  very  closely  accordant  results  when  tested  with  the 
same  rate  of  increment  of  stress.  The  examples  quoted  above  are  all 
taken  from  the  same  batch  of  specimens.  One  peculiarity  is  common 
to  them  and  to  all  the  other  specimens  in  the  same  batch,  namely,  the 
double  curvature,  which  appears  in  the  diagrams  soon  after  the  limit 
of  elasticity  has  been  passed.  On  the  other  hand,  other  specimens  cat 
from  the  same  bundle  of  wire,  but  annealed  at  another  time,  do  not 
show  this  peculiarity. 

The  examples  given  may  fairly  be  taken  as  representative  of  a  large 
number  of  tests.  I  am  now  extending  the  experiments ;  but  it  appeared 
to  me  that  the  results  already  arrived  at  were  of  sufficient  interest  to 
excuse  their  presentation  in  this  somewhat  crude  form. 


VIII.  "Memoir  ou  AbeVB  Theorem."  By  R.  C.  Ro\s%  Fellow  of 
Trinity  College,  Cambridge.  Communicated  by  A.  Catley, 
LL.D.,  F.R.S.,  Sadlerian  Professor  of  Pure  Mathematics  in 
the  University  of  Cambridge.    Received  May  27,  1880. 

(Abstract.) 

The  object  of  this  paper  is  to  present  in  a  shortened  and  simplified 
form  the  processes  and  the  results  of  AbeFs  famous  memoir,  '*  Sur 
uue  propriete  generate  d'nne  classe  tres  etendue  de  fonctions  trans* 
cendantes,**  com{)osed  and  oflfered  to  the  French  Institute  in  1826, 
but  first  published  in  the  '*Memoir(^8  des  Savans  fitrangers"  for 
1841. 
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the  effect  when  the  same  stress  (35  Idlos.)  was  maintained  ooaatant 
for  5  minotes  only.  I  have  also  obtained  diagrams  showing  the  eSlMt 
of  keeping  a  load  of  35  kilos,  on  wires  for  2  minntes,  10  minntea, 


Showing  effect  ot  muDtHimng  s  strew  of  35  kilogrammei 


30  minntea,  1  hour,  S  hoars,  and  141  honrs.  In  all  these  cases  the 
liardening  effect  is  greater  for  greater  lengths  of  time,  bnt  the  iiifif  sii 
of  the  effect  is  mnch  more  rapid  at  first  than  it  is  later.  A  onrre 
showing  the  relation  of  the  hardening  effect  (measored  b;  the  length 
of  the  straight  line  in  the  diagram  after  the  stress  haa  been  kept  oon- 
stant,  and  before  the  wire  begins  to  stretch  again)  to  the  time  rises 
rapidly  at  first,  bnt  afterwards  becomes  nearly  parallet  to  tbo  linsaloBg 
which  time  is  moasnmd. 


Showing  effect  of  remaking  the  load  when  it  reached  33  kilogimniUB 
it  after  ISj  hours,  during  whieb  the  wire  ma  free  from  rt 


An  interval  of  constant  stress  of  oren  fire  seconds 
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The  notation  is  this : — 

We  first,  to  escape  the  inconvenience  of  irrational  and  fractional 
forms,  introduce  two  functions,  /,  x*  where  X,  the  subject  of  integra^ 
tion  ^/(«i  y)j  y  being  determined  as  a  function  of  x  by  the  equation 

where  p\y  p^  .  .  .  p*  are  rational  integral  functions  of  2,  and  x  there- 
fore a  rational  integral  function  of  Xj  y;  while  /  is  rational,  but  not 
necessarily  integral.     This  assumption  will  cover  all  cases. 

[For  example,  in  the  case  X=--7==» 
we  have  the  equations  /(«,  y)^-, 

y 

x(a5,y)=y«-(l-^)=0]. 

We  next  change  f{x,  y)  so  that  its  denominator  shall  be  the  pro- 
duct of  x(y)y  ^^^  differential  coefficient  of  x  with  respect  to  y,  and  a 
function  of  x  only,  and  write 

fix,      =.   /'('•"> 


/,(*) .  x'(y) 

This  is  shown  to  be  always  possible. 

We  then  introduce  the  equation  whose  roots  are  the  variables  of  the 
functions  we  add.  This  equation  is  obviously  not  arbitrary.  It  is 
necessary  and  sufficient  to  take  the  result  of  eliminating  y  between  x 
and  any  other  function  of  x,  y  which  by  the  use  of  x  ca^  ^  made  of 
(at  most)  the  n— 1th  degree  in  y. 

Let  this  function  be 

and  let  the  result  of  elimination  be  called  E. 

Here  g«_i,  7N.n  *  •  '  9i*  9o  ^^*^  rational  integral  functions  of  a;,  and  E 
is  a  function  of  x  and  of  their  coefficients. 

It  may  happen  that,  owing  to  relations  between  these  coefficients, 
the  equation  E=:0  is  satisfied  by  values  of  x  independent  of  them. 
Let  y^i^)  ^  ^^^  product  of  the  corresponding  factors,  and  write 

E(;r)=P„(*)P(x). 

It  only  remains  to  define  a  symbol  0,  used  by  Boole  in  his  paper  on 
the  comparison  of  transcendants.  The  following  is  his  definition  : — 
**  If  0(^)/(')  be  any  function  of  x  composed  of  two  factors  0(4^), 
/(jr),  whereof  <P(x)  is  rational,  let 

e[0(')  !/■(*) 

denote  the  result  obtained  by  sucoessiYely  developing  the  funotioii  in 
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from  the  resnlts  mentioned  above,  but  nothing  like  bo  mnch  as  in 
fig.  4.  The  difPcrcnce  can  only  be  due  to  the  long  interval  of  no 
stress. 

An  investigation  is  now  being  made  of  the  hardening  effeots  of 
equal  intervals  of  constant  stress  and  no  stress  at  different  points  alon^j^ 
the  cnrve.  So  far  as  the  experiments  have  jet  gone,  it  appears  that 
outside  the  so-called  clastic  limit,  that  is,  for  stresses  greater  *lia^n 
about  22  kilos.,  the  effect  of  19  hours  of  constant  stress  is  not  gpreatlj 
different,  whether  the  stress  is  great  or  small.  Inside  the  elastic  limit 
the  effect  of  constant  stress  is  to  prolong  that  limit,  that  is,  the  wire 
then  requires  a  greater  stress  to  make  it  begin  to  stretch  considerably. 
This  effect  is  greater  the  nearer  to  the  elastic  limit  the  interval  of 
constant  stress  occurs. 

By  intermitting  the  flow  of  water  for  a  succession  of  short  intervals 
during  one  test  we  get  a  stepped  curve,  having  a  number  of  "  knees  " 
upon  it.,  like  those  in  figs.  2  and  3. 

A  wire  to  which  a  continuously  but  very  slowly  increased  sUuss  is 
applied,  gives  a  curve  in  which  the  elongation  corresponding  to  each 
stress  (beyond  the  elastic  limit)  is  less  than  when  the  increase  of  stress 
is  rapid.  In  other  words,  when  the  flow  of  water  is  very  slow, 
the  curve  is  bent  upwards  to  the  right.  The  final  elongation  is 
diminished,  and  the  breaking  strength  is  increased.  It  will  be  ob> 
served  that  the  last-mentioned  results  are  in  perfect  agreement  witii 
the  remarkable  experiments  described  by  Mr.  J.  T.  Bottomley,  in  the 
Report  of  the  British  Association  Committee  for  commencing  secular 
experiments  upon  the  elasticity  of  wires  (1879). 

When  a  stress  is  applied  and  maintained  constant  it  produces  two 
effects.  It  produces  a  gradual  viscous  elongation,  at  first  rapid, 
wards  slow.  This  I  shall  call  for  brevity  the  viscons  effect.  It 
produces  the  hardening  effect  described  in  this  paper.  The  hardsninif 
effect,  like  the  viscous  effect,  is  greatest  at  first.  The  viscons  eflbet  ia 
quite  visible  in  the  diagrams.  Thus,  in  figs.  2  and  3|  especiaOy  in 
fig.  2,  the  wires  have  stretched  considerably  during  the  time  that  the 
stress  has  been  constant ;  and  in  figs.  4  and  5  the  wires  have  gone  on 
stretching  during  part  of  the  time  that  the  water  took  to  mn  oat  of 
the  tank. 

If  the  viscous  effect  existed  alone,  and  there  were  no  hardsniiiff 
effect,  a  wire  would  show  a  higher  breaking  strength  and  less  final 
elongation  the  more  quickly  the  increase  of  stress  took  place.  For, 
with  a  quickly  increa.sed  stress,  the  wire  would  not  have  time  to  take 
the  elongation,  and  consequently  the  diminished  cross-section  proper 
to  each  value  of  the  stress. 

If,  on  the  other  hand,  the  hardening  effect  existed  alone,  a  wire 
would  show  a  higher  breaking  strength  and  less  final  elongation  *^> 
more  slowly  the  increase  of  stress  took  place. 
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We  may,  therefore,  expect  that  whenever  the  TiscoiLS  effect  is  g^reat 
relatively  to  the  hardening  effect,  a  wire  will  show  to  greater  advan- 
tage a«  regards  its  breaking  strength,  and  to  less  advantage  as' 
regards  its  elongation,  when  tested  quickly  than  when  tested  slowly. 
This  is  probably  the  case  with  tin,  copper,  and  other  metals  in  which 
the  viscous  effect  is  great.  [I  have  not  tested  tin  wires,  but  copper 
and  also  brass  wires  show  a  perceptible  hardening  effect  under  con* 
fitant  stress,  much  less,  however,  than  that  shown  by  soft  iron.] 

When,  on  the  contrary,  the  hardening  effect  is  great  relatively  to 
the  viscous  effect,  a  wire  will  show  to  greater  advantage  as  regards 
breaking  strength,  and  to  less  advantage  as  regards  elongation  the 
more  slowly  it  is  tested.  This  is  the  case  with  soft  iron,  at  least  in 
circumstances  like  those  of  the  above  experiments. 

The  experiments  show  that  even  such  variations  in  the  rate  of 
applying  stress,  or  such  intermissions  of  stress  as  are  liable  to  occur 
in  practical  testing,  arc  suiiicient  to  affect  most  materially  the  results 
of  the  test. 

A  batch  of  specimens  cut  from  the  same  coil,  and  similarly  treated 
in  every  way,  give  very  closely  accordant  results  when  tested  with  the 
same  rate  of  increment  of  stress.  The  examples  quoted  above  are  all 
taken  from  the  same  batch  of  specimens.  One  peculiarity  is  common 
to  them  and  to  all  the  other  specimens  in  the  same  batch,  namely,  the 
double  curvature,  which  appears  in  the  diagrams  soon  afler  the  limit 
of  elasticity  has  been  passed.  On  the  other  hand,  other  specimens  cat 
from  the  same  bundle  of  wire,  but  annealed  at  another  time,  do  not 
show  this  peculiarity. 

The  examples  given  may  fairly  be  taken  as  representative  of  a  large 
number  of  tests.  I  am  now  extending  the  experiments ;  but  it  appeared 
to  me  that  the  results  already  arrived  at  were  of  sufficient  interest  to 
excuse  their  presentation  in  this  somewhat  crude  form. 


VIII.  **  Memoir  on  Abel's  Theorem."  By  R.  C.  RoWE,  Fellow  of 
Trinity  College,  Cambridge.  Communicated  by  A.  CatlbY, 
LL.D.,  F.R.S.,  iSadleriun  ProfcBsor  of  Pure  Mathematics  iu 
the  University  of  Cambridge.    Received  May  27,  18i50. 

(Abstract.) 

The  object  of  this  paper  is  to  present  in  a  shortened  and  simplified 
form  the  pn>ci>sKes  and  the  results  of  AbeFs  famous  memoir,  **  Sar 
uue  proprioto  gi*nerale  d*une  classe  tres  etendue  de  fonctions  trans* 
cendantes,"  composed  and  ofiered  to  the  French  Institute  in  1826, 
but  first  published  in  the  "Memoires  des  Sa^^ans  £trangers"  for 
1841. 
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The  generality  and  the  power  of  this  memoir  are  well  knowiiy  bnt 
its  form  is  not  attractive.  Boole,  indeed,  in  a  paper  on  a  kindred 
subject  (  Phil.  Trans,  for  1857,  pp.  745—803  )  says,  "  As  presented 
in  the  writings  of  Abel  .  .  .  the  doctrine  of  the  comparison  of 
transcendants  is  ropalsive,  from  the  complexity  of  the  formnlsd  in 
which  its  general  conclusions  are  embodied.*'  Boole's  theorems,  how- 
ever, escape  this  charge  only  with  loss  of  the  generality  which  makes 
Abel's  valuable. 

But  this  complexity  is  rather  apparent  than  fhndamental.  It  is 
attempted,  by  rearrangement  of  parts,  by  separation  of  essential  from 
non-essential  steps,  by  changes  of  notation,  in  particular  by  the 
inti'oduction  of  a  symbol  and  a  theorem  discussed  by  Boole  in  the 
paper  already  referred  to,  and  by  the  addition  of  examples  of  the  pro- 
cesses and  results,  to  reduce  this  part  of  an  important  subject  to  a 
shape  more  simple,  while  no  less  general,  than  the  original. 

Of  the  three  sections  which  compose  the  paper  the  first  contains  the 
discussion  of  the  main  question. 

Iff  if  always  possible  to  establish  between  the  values  for  different  vari» 
ables  of  the  integral  of  an  algebraic  function  however  complex,  algehraie 
relations,  the  variables  themselves  beivg  connected  by  any  requisite  alg&^ 
braic  laws  ? 

If,  for  example,  /X(fa"=F(jr), 

where  X  is  an  algebraic  function  of  2,  rational  or  irrational,  in- 
tegral or  fi-actional,  is  it  necessarily  possible  by  connecting  afj,  ar^, 
...  2*^  by  any  requisite  algebraic  laws  to  obtain  an  algebraic  (or 
logarithmic)  expression  for  the  sum  F(jrj) -|-F(a'2)+   .  .  .   +F(a5»)  ? 

This  question  is  suggested  on  the  one  hand  by  such  well-known 
results  as 

F(.<'i)  -|-F(jio)=  constant,  where  X=    .- -,  if  aji^  +  asj^sl, 

and        F(a'i)+F(:r2)-f  F(a!3)=0  where  X=^^;^===== 

if        (l-.V)(l-.r/0(l-^3-)  =  (2-^i2-^22-a^,HA^^iV^«)«; 

and  on  the  other  hand  by  the  possibility  of  finding  algebraical  ex- 
pressions for  many  symmetric  functions  of  the  roots  of  eqnaiionSi 
thoup:h  these  roots  may  not  bo  separately  determinable. 

This  combination  of  the  theory  of  integrals  and  the  theory  of  equa- 
tions furnishes  in  fact  the  key  to  the  problem,  as  enabling  ns  to 
express  the  "  requisite  algebraic  laws "  very  concisely  by  a  stii^is 
equation  of  which  the  variables  are  roots,  and  whose  coefficients 
not  independent  but  connected  by  a  corresponding  number  of 
lations. 


Id 
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The  notation  is  this : — 

We  first,  to  escape  the  inconvenience  of  irrational  and  fractional 
forms,  introduce  two  functions,  /,  Xi  where  X,  the  subject  of  integpra- 
tion  ^/(«i  y),  y  being  determined  as  a  function  of  x  by  the  equation 

where  Pi,p2  .  .  .  pn  are  rational  integral  functions  of  a;,  and  x  there- 
fore a  rational  integral  function  of  x,  y ;  while  /  is  rational,  but  not 
necessarily  integral.     This  assumption  will  cover  all  cases. 

[For  example,  in  the  case  X=--7===» 
we  have  the  equations  f(x,  y)^~^ 

y 

We  next  change  /(;r,  y)  so  that  its  denominator  shall  be  the  pro- 
duct of  x'(!/)>  ^^^  differential  coefficient  of  x  with  respect  to  y,  and  a 
function  of  x  only,  and  write 

f(x    =  M^^y^ 

This  is  shown  to  be  always  possible. 

We  then  introduce  the  equation  whose  roots  are  the  variables  of  the 
functions  we  add.  This  equation  is  obviously  not  arbitrary.  It  is 
necessary  and  sufficient  to  take  the  result  of  eliminating  y  between  x 
and  any  other  function  of  x,  y  which  by  the  use  of  x  can  be  made  of 
(at  most)  the  ti— 1th  degree  in  y. 

Let  this  function  be 

and  let  the  result  of  elimination  be  called  E. 

Here  g«_|,  7,^3  •  •  •  7ii  %  &^  rational  integral  functions  of  x,  and  E 
is  a  function  of  x  and  of  their  coefficients. 

It  may  happen  that,  owing  to  relations  between  these  coefficients, 
the  equation  E=0  is  satisfied  by  values  of  x  independent  of  them. 
Let  ¥^^{x)  be  the  product  of  the  corresponding  factors,  and  write 

E(;r)=F„(*)P(x). 

It  only  remains  to  define  a  symbol  O,  used  by  Boole  in  his  paper  on 
the  comparison  of  transcendants.  The  following  is  his  definition  : — 
**  If  0(j')/(^)  be  any  function  of  x  composed  of  two  factors  0(J5), 
/(j*),  whereof  0(jr)  is  rational,  let 

e[0(x)l/(*) 

denote  the  result  obtained  by  SDCcessively  developing  the  fanolion  in 
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ascending  powers  of  each  simple  factor  a;— a  in  the  denominator  of 

0(;tf),  taking  in  each  development  the  coefficient  of ,  adding  to- 

X — a 

gether  the  coefficients  thus  obtained,  and  subtracting  from  the  result 
the  coefficient  of  -  in  the  development  of  the  same  function  (p(x)  f(x) 

in  descending  powers  of  x"* 

Then  the  theorem  of  this  section  is 

This  formula  is  more  general  than  either  of  Boole's,  while  it  seems 
more  concise  and  intelligible  than  that  of  Abel  to  which  it  ooire- 
sponds. 

The  rest  of  this  section  is  occupied  with  the  application  of  the 
theorem  to  several  simple  cases.  Those  have  been  chosen  of  which 
the  results  were  well  known  (e,g.,  the  circular  and  elliptic  functions), 
with  a  view  to  the  comparison  of  method. 

In  the  second  section  it  is  shown  to  follow  from  the  results  of 
Section  I  that  the  sum  of  any  number  of  integrals  of  the  form  con- 
sidered may  be  expressed  in  terms  of  a  number  of  such  integrals  eqnal 
to  the  number  of  conditions  necessarily  connecting  the  yariables  in 
the  proposition  already  discussed ;  and  the  question  is  investigated. 
What  is  the  least  value  of  which  this  7iuviber  of  conditions  is  euae^^Hbie  T 
It  is  proved  independent  of  everything  but  the  form  of  the 
equation  x('^)  !/)=^  ^7  which  y  is  determined  as  a  function  of  m ;   the 

answer  being  that  if  this  equation  ha^  n^fii  roots  of  the  form  y= 

n^u-i  of  the  form  C.r/i„  and  so  on,  then  this  least  numher  is 


*>r 


The  expressions  for  the  roots  are  according  to  descending  powen  of 


VI 


u: ;  each  -  is  a  fraction  in  its  lowest  terms  with  denominator  positife ; 

the  series-  ^    -^,  etc.,  are  in  descending  order  of  magnitude;  and  this 

equality  of  j)0wers  in  sets  is  shown  to  subsist. 

This  section  concludes  with  an  example  of  its  processes. 

The  third  sectiim  contains  three  distinct  parts :  first,  a generaliaatum 
of  the  theorem  of  Section  I,  showing  that  a  similar  expression  to  that 

*  CaucliT  Imil  used  in  his  "  Calcul  des  R6ndu8  "  a  symbol  which  cm^daflhn 
this  U  iu  the  absence  of  the  subtructiTe  term  last  mentioned. 
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obtained  there  may  be  found  for  the  sum  of  any  number  of  such 
functions  each  multiplied  by  any  rational  number,  positive  or  neg^ 
tive,  integral  or  fractional ;  secondly,  an  investigation  of  the  con- 
ditions tliat  the  algebraic  expression  obtained  for  the  sum  of  the 
integrals  considered  in  Section  I  may  reduce  to  a  constant ;  and  lastly, 
a  discussion,  as  an  example  of  all  the  results  of  the  paper,  of  the 
case 


where  0=^^  \  0i  and  0^  being  rational  integral  functions,  while 
y  is  a  root  of  the  equation 

and  ^E^»-iy""H^»_«y""^+  . .  .  +9\y  +  %' 

A  considerable  simplification  is  introduced  into  the  second  part  of 
this  section  by  placing  it  after  (instead  of,  with  Abel,  before)  Sec- 
tion II. 

In  the  Appendix  will  be  found  notes  on  three  points  in  the  paper ; 
and  a  list — it  is  hoped  complete— of  the  errata  in  Abel's  memoir. 

There  follows  an  addition  from  Professor  Cay  ley,  wherein  it  is 
shown  that  the  foregoing  expression  for  the  least  value  of  the 
number  of  conditions  is  equal  to  the  deficiency  (Oesehlechi)  of  the 
curve  represented  by  the  equation  x(^j  v)^^^-  That  this  letist  value 
is  equal  to  the  deficiency  is  a  leading  result  in  Riemann*s  theory  of  the 
Abelian  integrals ;  the  before- mentioned  assumptions  as  to  the  form 
of  the  roots  of  the  equation  x(.'^  v)—^  considered  as  an  equation  for 
the  determination  of  ^  are  equivalent  to  the  assumption  that  the  cttrve 
x(Xf  y)=0  has  certain  singularities ;  and  it  is  in  the  addition  shown  that 
the  resulting  value  of  the  deficiency,  as  calculated  by  the  formulae  in 
Professor  Cayley's  paper  **  On  the  Higher  Singularities  of  a  Plane 
Curve,**  Quart.  Math.  Joum.,  vol.  vii  (1866),  pp.  212-222,  has  in  fact 
the  foregoing  value. 
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June  17,  1880. 

THE  PRESIDENT  in  the  Chair. 

The  Presents  receiYed  were  laid  on  the  table,  and  thanks  ordered  for 
them. 

Prof.  Charles  Niven  and  Dr.  William.  A.  Tilden  were  admitted  into 
the  Society. 

The  Right  Hon.  Alexander  James  Beresford  Hope,  whose  certificate 
had  been  suspended  as  required  by  the  Statutes,  was  balloted  for  and 
elected  a  Fellow  of  the  Society. 

The  following  Papers  were  read : — 

I.  *'  Notes  of  Observations  on  Musical  Beats."     By  ALEXANDER 
J.  Ellis,  B.A.,  F.R.S.,  F.S.A.    Received  May  28,  1880. 

During  the  last  three  years  1  have  been  greatly  occupied  with 
observing  and  counting  musical  beats,  for  the  purpose  of  diBcovering 
the  cause  and  amount  of  error  in  Appunn's  reed  tonometer,  and  of 
measuring  the  number  of  vibrations  made  in  a  second  by  tanuig-forks 
and  organs,  as  materials  for  my  "  History  of  Musical  Pitch."*  The 
following  are  brief  notes  of  some  of  the  observations  then  made: — 

When  two  musical  not«s  nearly  but  not  accurately  form  a  oon- 
sonance,  or  arc  in  unison,  they  beat.  Under  ordinary  circnmstanceB 
the  number  of  beats  in  a  second  of  a  disturbed  unison  is  equal  to  the 
difference  of  the  number  of  double  vibrations  in  a  second  made  faj 
each  note.  It  is  not  so  always,  as  will  be  shown  later  on.  If  m  and  y 
be  the  *'  pitch  '*  or  number  of  vibrations  in  a  second,  made  bj  two 
musical  tones,  of  which  ij  is  the  sharper;  then,  if  my— lUBssO,  the 
tones  form  what  I  have  termed  a  considence,  that  is,  the  uth  partial  of 
.«'  falls  on  the  same  rank  or  scat  as  the  vi  th  partial  of  y.  Considenoes 
are  not  always  consonances,  because  other  partials  of  the  notes  may 
bt^at  roughly,  as  when  m  :  w=8 :  9  or  9  :  10  or  15  :  16,  which  are  well 
known  dissonances,  but  give  appreciable  considences.  Bnt  if  the  pitch 
of  cither  ;i;  or  y  bo  slightly  altered,  so  that  my— yi2s:H:(,  the  two 
consident  partials  become  what  I  have  termed  dissideni^  or  placed  oo 
different  ranks  or  seats,  and  b  beats  in  a  second  are  heard,  being  called 
^' sharp "  when  positive,  that  is  when  7ny>nx,  and  *'flat"  when 
negative,  that  is  when  mij<nx.     This  includes  the  nnison  for  whidl 

*  A  paper  read  before  the  Society  of  Arts  on  March  8, 1880,  snd  printed  n 

Journal  for  March  5,  with  au  appendix  on  April  2,  18S0. 
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m=^n.  Hence  all  heats  heard  are  heats  of  simple  partial  tones,  however 
compound  may  be  the  tones  which  contain  them.  This  agrees 
thoroughly  with  my  observations. 

Tuning-forks  are  comparatively  simple  bat  always  possess  an  aadible 
second  partial  or  octave,  and  sometimes  higher  partials  still,  capable 
of  being  so  reinforced  by  resonance  jars  properly  tuned  to  them,  that 
beats  can  be  separately  obtained  from  them  and  counted.  This  is  a 
matter  of  great  importance  in  the  construction  of  a  tuning-fork 
tonometer.  When  the  tone  is  very  compound,  as  in  the  case  of  bass 
reeds  (especially  those  of  Appuun's  tonometer,  furnished  with  a 
bellows  giving,  when  properly  managed,  a  perfectly  steady  blast  for 
an  indefinite  length  of  time),  beats  can  be  obtained  and  counted  from 
the  20th  to  the  30th  and  even  the  40th  partial,  without  any  reinforce- 
ment by  a  resonance  jar. 

Taking  tuning-forks  first,  I  find  it  advantageous  to  hold  the  beating 
forks  over  one  or  two  resonance  jars,  tuned,  by  pouring  in  water,  to 
the  pitch  of  the  partial  to  be  observed,  whether  it  be  the  prime  of 
both  or  the  prime  of  one  and  the  second  (or  octave)  of  the  other. 
There  may  be  small  differences,  but  I  have  not  found  any  difference 
appreciable  by  my  methods  of  observation  in  the  number  of  beats  in 
a  second,  whether  the  resonance  jar  is  the  same  or  different  for  the 
two  forks,  and  whether  it  is  exactly  or  very  indifferently  tuned  to  each 
fork,  but  a  tolerably  accurate  tuning  much  improves  the  tone  and 
length  of  the  beat.  In  that  case  the  resonance  jar  practically  quenches 
all  other  partial  tones,  and  the  beats  are  distinctly  heard  as  loudnesses 
separated  by  8ilenci*s.  If  no  jar  is  used,  the  other  partials  are  heard. 
In  the  case  of  the  octave,  the  low  prime  becomes  a  drone  and  fills  up 
the  silences.  In  the  case  of  beating  primes,  the  octaves,  which  are 
beating  twice  as  fast,  tend  to  confuse  the  ear.  Sometimes  the  second 
partial  of  a  fork  is  so  much  stronger  than  the  prime,  that  when  the 
fork  is  applied  to  a  sounding-board,  only  the  octave  is  heard,  which  is 
inconvenient.  This  is  entirely  avoided  by  the  resonance  jar.  Beats 
being  a  case  of  interference,  the  amplitude  of  the  beating  partials 
should  be  equalised  as  much  as  possible.  With  two  forks  of  very 
different  size  and  power,  it  is  easy  to  regulate  the  amplitude  by  hold- 
ing the  louder  fork  further  from  the  jar.  Otherwise  the  beats  become 
blum*d  and  indistinct.  For  powerful  reeds  or  organ  pipes,  beating 
with  forks,  it  is  best  to  go  to  a  considerable  distance  from  the  reed  or 
])ipe  and  hold  the  fork  close  to  the  ear  or  over  a  jar.  I  find  30  or 
40  feet  necessary  for  organs  ;  in  Durham  Cathedral,  where  the 
pressure  of  wind  was  strtmg  and  my  forks  weak,  I  found  t>0  or  70  feet 
distance  much  better.  As  I  was  not  able  latterly  to  go  to  a  distance 
from  Appunn*s  reed  tonometer,  having  to  pump  it  myself,  I  foond  it 
imj»ossible  to  count  the  primes  of  the  upper  reeds  by  the  octaves  of 
my  forks,  which  were  completely  drowned. 
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I  find  beats  of  all  kinds  most  easy  to  count  (by  the  seconds  hand 
of  a  chronometer)  when  about  4  in  a  second.  Thej  can  be  counted 
well  from  2  to  5  in  a  second.  Above  6  they  are  too  rapid  for  accu- 
racy ;  below  2  and  certainly  below  1,  they  are  too  slow,  so  that  it  is 
extremely  difficult  to  tell  from  what  part  of  the  swell  of  sound  the 
beat  should  be  reckoned.  Partly  from  this  reason,  perhaps,  I  have 
found  great  variety  in  counting  successive  sets  of  such  slow  beats.  I 
never  use  beats  of  less  than  one  in  a  second,  if  I  can  avoid  it.  When 
the  beats  are  slow  it  is  difficult  to  discover  by  ear  which  of  the  two 
beating  tones  is  the  sharper ;  and  even  fine  ears  are  often  deceived. 
It  is  easy  to  discover,  however,  by  putting  one  of  the  forks  under  the 
arm  for  a  minute.  This  heats  and  flattens  it  by  2  or  3  beats  in  10 
seconds.  Hence  if  the  beats  with  the  heated  fork  are  slower,  it  was 
sharper,  because  it  has  been  brought  nearer  the  other;  if  faster,  it 
was  flatter  and  has  been  brought  further  away.  Count  for  10,  20,  or 
40  seconds,  according  to  the  fork.  Up  to  20  or  30  beats  in  10  seconds  it 
is  easy  to  count  in  ones,  but  from  30  to  50  it  is  best  to  count  in  twos, 
as  one-ee,  two-ee,  &c.,  beginning  with  one,  and  hence  throwing  oft  one 
at  the  end.  When  counting  for  20  seconds  I  always  count  in  twos, 
and  for  40  seconds  in  fours,  as  one-oe-ah-tee,  two-ec-ah-t^e,  Ac.,  be- 
cause I  have  to  divide  the  result  by  20  or  40 ;  and  this  division  is 
avoided  by  the  count  itself.  Owing  to  difficulties  in  beginning  and 
ending  the  count,  I  find  the  possible  error  per  second  to  be  2  divided 
by  the  number  of  seconds  through  which  tlie  count  extends ;  and  that 
it  is  best  to  take  a  mean  of  5  to  10  counts  for  each  set  of  beats. 

Temperature  plays  an  important  part.  Forks  should  not  be  tonched 
with  the  unprotected  hand  ;  they  otherwise  easily  flatten  by  2  beats 
in  10  seconds.  Int^jrpose  folds  of  paper.  I  use  two  folds  of  brown 
paper  stitclied  between  two  pieces  of  wash-leather.  Large  forks  are 
generally  on  resonance  boxes  and  need  not  be  touched,  otherwise  the 
same  precaations  should  be  used,  as  they  are  very  sensitive,  and  retain 
the  heat  longer  than  small  forks.  Scheibler*s  forks  are  fitted  with 
wooden  handles.  In  tuning,  the  file  heats  and  flattens;  the  result, 
therefore,  can  seldom  be  known  for  a  day  or  two,  when  the  forks  haTe 
cooled  and  *'  settled,*'  as  they  will  be  sure  to  '*  jump  up."  I  find  it 
l)est  to  leave  off  filing  when  the  forks  arc  two  or  three  tenths  of  a 
vibration  too  fiat.  In  sharpening  there  is,  therefore,  great  danger  of 
doing  too  much,  as  the  fork  remains  apparently  at  the  same  pitch,  the 
Hattcning  by  heat  balancing  the  sharpening  by  filing.  Hence  all 
copies  should  Ix)  compared  some  days  after,  by  means  of  a  third  fork 
about  four  vibrations  flatter  or  sharper  than  each,  to  avoid  the  slow 
beats  of  approximate  unisons.  The  filing  also  seems  to  interfere  with 
the  molecular  arrangement  of  the  forks. 

The  thermometer  should  be  always  consulted  when  beats  are  taken. 
But  if  the  beats  are  between  two  forks,  of  which  the  pitch  of  one  afc  a 


.-i 
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given  temperature  is  known,  and  both  forks  may  be  assnmed  to  be 
altered  in  the  same  ratio  by  heat,  then  the  temperature  need  not  be 
observed;  bnt  the  unknown  fork  may  be  prcRamed  to  be  as  many 
vibrations  sharper  (or  flatter)  than  the  measured  fork  at  the  tempera- 
ture at  which  the  latter  was  measured,  as  beats  in  a  second  were 
observed  to  take  place.  This  is  because  the  alteration  is  very  small, 
and  would  be  quite  inappreciable  for  the  few  vibrations  between  them.' 
But  for  tonometrical  purposes  an  allowance  must  be  made. 

The  coefficient  of  temperature  has  not  been  satisfactorily  determined. 
It  varies  from  '00004  to  *00006  for  each  vibration  and  each  degree 
Fahrenheit.  Possibly  the  mean  '00006  is  the  best  number  to  take, 
but  I  have  used  1-^21000  =0000476.  The  flattening  seems  to  be 
chiefly  due  to  the  effect  of  temperature  on  elasticity.  A  large  fork 
of  about  435'44  vibrations  at  59°  F.,  grew  sharper  and  beat  more  and 
more  brightly  as  the  temperature  descended  to  10°  or  15°  F.,  being 
easily  counted  for  20  seconds  and  more.  At  104°  F.  it  could  scarcely 
be  counted  for  20  seconds,  at  112°  F.  scarcely  for  10  seconds,  and  at 
164°  F.  I  could  not  count  it  at  all,  the  sound  not  lasting  more  than 
2  or  3  seconds,  and  the  beats  varying  during  that  time.  The  effect 
also  seems  to  vary  with  the  metal  and  make  of  the  fork  and  its  sixe, 
and  the  coefficient  to  be  greater  for  high  than  for  low  temperatures. 
For  a  fork  of  about  256  vibrations  at  59°  F.,  the  coefficient  from  14° 
to  59°  F.  was  about  -0000305  or  1-5-32,760,  but  from  59°  F.  to  175°  F. 
about  0000548  or  1-i- 18,280.  These  experiments,  which  I  made  by 
dipping  the  forks  in  freezing  mixtures  and  hot  water,  and  beating  them 
with  a  fork  at  mean  temperature,  are  unsatisfactory.  In  the  same 
way  M.  Aristide  Cavaille-Coll,  the  well-known  organ-builder  of  Paris 
(private  letter),  experimenting  on  twx>  forks  of  about  435  vibrations, 
one  of  Schcibler*s  and  one  a  large-sized  diapason  normal,  found — 

Coeff.  for  V  P.  and  1  rib. 
Ist  fork,  from  59°    P.  to  194°  F.    ..    '0000567=1^17,650 
2nd    „        „     60°-8  F.  to  194°  F.    ..    '0000589=1-5-16,970 

Scheibler  ("  Tonmesser,"  p.  50)  himself  found  for  a  rise  of  45°  F. — 

Coeff.  for  1°  F.  And  1  rib. 
1st  fork,  about  440  vibrations     . .     -00006=  1  -4-16,670 
2nd    „        „     220         „  ..     -00005=1-^20,000 

Kayscr,  for  two  large  forks,  furnished  with  mirrors,  Ac.  ("  Wied. 

Ann.,"  1879,  p.  444)— 

Coeff.  for  V  F.  uid  1  rib. 
Ist  fork,  alwut  72  vibrations    . .     '0000494=1-7-20,250 
2nd    „        „     85        „  ..     -0000566=1-7-18,000 

Koenig*s  recent  careful  experiments  (*^  Wied.  Ann.,"  1880,  p.  413), 
not  made  by  freezing  mixtures  and  hot  water,  give  two  different  oo- 
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efficients,  deduced  originally  from  a  fork  of  64  vibrations  and  extended 
to  one  of  256. 

For  1°  C.  and  1  vib.  For  1**  F.  and  1  rib. 

Ist  or  general  coefficient . . .      l-=-8943     ....     '00006212=1-5-16,097 
2nd  or  particular    „        ...      1-7-8951     '00000207 =1-7-16,112 

These  are  practically  the  same,  but  it  is  the  latter  which  he  uses  in 
liis  reductions.  Professor  McLcod  by  his  machine«("  Proceedings,*"  1879, 
vol.  xxviii,  p.  291,  and  "  Phil.  Trans.,"  1880,  p.  1)  at  first  obtained  a 
result  nearly  identical  with  Koenig's,  but  afterwards,  when  experiment- 
ing on  one  of  my  forks  of  about  440  vibrations,  he  found  (private  letter) 
the  coefficient  to  be  -00004882=1-=- 20,490.  While  Professor  Alfred 
Mayer  (private  letter)  by  repeated  experiments  on  Koenig*s'  and  other 
forks,  exposed  to  the  cold  of  American  nights,  and  counted  by  beats 
with  forks  at  mean  temperature,  obtained  the  coefficient  '00004545  =s 
l-f-22,0u0,  and  1  adopted  1-7-21,000  as  a  mean  of  those  of  Professor 
McLeod  and  Professor  Mayer.  The  error  must  certainly  be  verj 
small  for  all  Scheibler*u  forks. 

For  organ  pipes  where  great  exactness  does  not  seem  to  be  possible, 
I  find  the  coefficient  '00104  for  1°  ¥.  and  1  vibration  quite  sufficiently 
accurate  and  to  give  concordant  results  generally.  In  some  organs 
where  the  air  for  blowing  is  cooler  than  the  air  of  the  room,  this  is  too 
large,  according  to  the  observations  of  Mr.  A.  J.  Hipkins,  at  St.  James' 
Hall,  the  coefficient  is  nearer  '0005  (private  letter).  In  taking  the 
pitch  of  organ  pipes  by  measured  forks,  I  usually  neglect  the  small 
altci*ations  of  the  pitch  of  the  fork,  and  allow  fully  for  the  change  of 
pitch  in  the  pipe.  It  is  probable  that  this  coefficient  does  not  answer 
for  the  stopped  and  fancy  pipes.  I  have  applied  it  only  to  open,  and 
generally  metal  cylindrical  pipes. 

To  construct  the  fork  tonometer,  invented  by  J.  Heinrich  Scheibler 
(h.  1777,  d.  1837),  a  silk  manufacturer  at  Crefeld,  obtain  a  set  of  about 
70  good  forks  with  parallel  prongs,  and  of  a  tolerably  large  sixe ;  tone 
the  lowest  to  about  the  C  (or  B  for  English  high  pitch)  between  the  baa 
and  treble  staves  of  any  organ  or  piano,  and  tune  the  rest  roughly  each 
about  four  beats  in  a  second  sharper  than  the  preceding.  Then  fit  them 
with  wooden  collars  or  handles,  and  allow  them  to  rest  for  three  months^ 
if  possible  in  the  same  temperature  at  which  they  will  be  counted. 
This  was  not  the  process  adopted  by  Scheibler,  but  is  much  simpler. 
Then  count  the  beats  between  each  set  most  carefully,  at  a  temperature 
which  reniaius  as  uniform  as  possible.  It  may  be  necessary  to  nae  a 
high  tcnij)erature ;  thus  Scheibler *8  was  from  15*  B.  to  18*  B.=:65*75 
to  72'''5  F.,  which  I  reckon  at  G'J°  F.  as  a  mean  ;  and  Koenig  now  works 
at  20''  C.  =  G8^  F.,  but  announces  that  his  former  256  vibiadona  wm 
only  correct  at  20"  2  C.  =  7i>''- 16  F.  ("Wied.  Ann.,"  1880,  p.  413.)  Otmai 
on  one  day  the  beats  between  forks  1  and  2,  3  and  4^  Ac^  and  es 
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another  between  forks  2  and  3,  4  and  5,  <fcc.,  so  that  the  same  fork  is 
not  used  for  two  coants  on  the  same  day.  Excite  by  striking  with  a 
sofib  ball  of  fine  flannel  wonnd  ronnd  the  end  of  a  piece  of  whalebone, 
as  a  bow  is  not  convenient  nnless  the  forks  are  tightly  fixed.  Each 
blow  or  bowing  heats,  and  hence  flattens,  and  this  tells  if  the  experi- 
ments on  any  one  fork  are  long  continued.  Count  each  set  of  beats 
for  40  seconds  if  possible,  and  many  times  over,  registering  the  tem- 
perature and  the  beats,  and  take  the  mean.  Scheibler  counted  by  a 
graduated  metronome,  set  constantly  to  an  astronomical  clock,  when 
the  weight  was  at  GO,  to  eliminate  the  effect  of  temperature,  and  he 
altered  the  position  of  the  weight  (finally  by  a  micrometer  screw)  so 
that  there  were  always  four  beats  to  each  swing  of  the  pendulum.  He 
seems  to  have  attained  extraordinary  accuracy.  Having  counted  all, 
observe  those  forks  which  are  near  the  octave  of  the  lowest  fork. 
Find  two  such,  beating  with  the  octave  (that  is,  the  second  partial 
tone)  of  the  lowest  fork  less  than  they  beat  with  each  other.  Then  the 
sum  of  all  the  beats  from  the  lowest  fork  to  the  lower  of  the  two  forks, 
added  to  the  beats  of  the  octave  (that  is,  the  second  partial  tone)  with 
that  fork,  is  the  pitch  of  the  lowest  fork.  Hence  the  pitch  of  all  the 
forks  is  known.  The  extra  high  forks  are  for  verifying  by  the  octaves 
of  several  low  forks,  and  for  the  purpose  of  subsequently  measuring. 
From  such  a  tonometer  any  other  can  be  made,  and  the  value  of  each 
fork  at  another  temperature  calculated. 

Scheibler  made  a  52-fork  tonometer  with  infinite  trouble,  on  another 
plan,  and  counted  it  with  marvellous  accuracy.  This  tonometer,  which 
I  have  made  many  efforts  to  find,  has  absolutely  disappeared  and  his 
family  knows  nothing  of  it.  But  he  left  behind  him  a  56-fork  tono- 
meter, believed  to  proceed  from  220  to  440  vibrations,  and  through  the 
kindness  of  Herr  Amels,  an  old  friend  of  the  Scheibler  family,  who 
obtained  it  from  Schei bier's  grandson,  I  have  had  the  use  of  it  for  a 
year.  I  had  to  count  it  as  well  as  I  could,  just  as  if  it  had  been  a  set 
of  forks  such  as  I  have  described,  and  I  found  it  was  not  what  was 
thought,  but  that  only  32  sets  of  beats  were  4  in  a  second,  and  the 
other  23  sets  varied  from  38  to  42  in  10  seconds.  I  found  also  that 
the  extremes  were  probably  of  the  same  pitch  as  in  the  original  52-fork 
tonometer.  After  then  counting  it  as  well  as  1  could,  and  obtaining 
219-27  vibrations  in  place  of  21907,  at  60""  F.,  1  distributed  the  error 
of  4  beats  in  10  seconds,  as  2  in  100  seconds,  among  20  of  the  23  sets 
which  were  not  exactly  4  beats  in  10  seconds,  leaving  the  first  3  sets, 
which  I  had  repeatedly  counted  and  felt  sure  of,  unaltered.  Then  I 
reduced  all  the  values  from  69''  to  59''  F.  Finally  to  verify  my  result 
I  measured  by  beats  with  Scheibler *8  forks  as  thus  determined ;  first 
5  large  forks  of  various  pitches,  which  1  had  had  made  for  me  in 
Paris,  and  then  4  forks  of  Koenig's  belonging  to  Professor  McLeod. 
Professor  McLeod  himself  kindly  measured  all  of  them,  also,  by  his 
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Tnachiiie,  and  Professor  Mayer,  of  the  Stevens  Institate,  Hoboken,  New 
Jersey,  U.S.,  kindly  measured  the  first  5  forks  by  his  electrogrftphio 
method,  both  with  the  greatest  care  and  precaution.  The  three  sets 
of  measurements  agreed  to  less  than  1  beat  in  10  seconds,  and  mord 
ofben  less  than  1  beat  in  20  seconds,  when  reduced  to  the  same  temperm* 
ture.  Thus  the  value  of  the  tonometrical  measurement  by  beats  only, 
and  the  possibility  of  counting  a  tonometer  sufficiently,  was  fully  estab- 
lished. Koenig's  measurements  of  his  own  forks  reduced  to  59^  F., 
and  of  the  actual  Diapason  Normal  at  the  Conservatoire,  Paris,  in- 
tended to  be  use<l  at  the  same  temperature,  also  agree  with  mine 
within  less  than  the  same  limits.  By  these  forks  I  have  counted  75 
standard  forks  of  Messrs.  Yalantine  and  Carr,  music  smiths,  76^  Milton 
Street,  Sheffield,  who  are  thus  in  a  position  to  make  small  copies, 
probably  not  more  than  half  a  vibration  wrong  at  most,  at  a  cheap 
rate. 

When  forks  are  counted  without  a  resonance  jar,  they  should  not 
be  applied  to  a  sounding  board,  or  held  one  to  one  ear  and  one  to  the 
other,  but  should  both  be  held  about  six  inches  from  the  same  ear, 
and  their  strengths  should  be  equahsed  by  holding  the  weaker  fork 
closer  to  the  ear  than  the  stronger. 

When  the  forks  are  screwed  on  and  off  a  sounding  board  or  leeonanoe 
box,  there  is  great  danger  of  wrenching  the  prongs  unless  thej  are 
held  below  the  bend,  but  I  have  constantly  seen  this  precaution 
neglected.  A  wrench  immediately  affects  the  pitch  and  duration  of 
sound  of  a  fork,  and  renders  it  comparatively  worthless.  Such  cases 
have  come  within  my  observation.  The  next  enemy  to  be  goaided 
against  is  rust.  Forks  should  be  kept  dry,  and  occasionaJlj  oiled 
w^ith  gun-lock  oil.  Bust  towards  the  tip  affects  the  fork  mnch  len 
than  rust  at  the  bend.  My  observations  and  experiments  show  that 
errors  from  rust  can  scarcely  exceed  a  flattening  of  1  vibration  in  250, 
and  are  generally  very  much  less.  But  as  the  amount  is  unoerfeain, 
rast  spoils  a  fork  for  accurate  tonometrical  purposes. 

"My  observations  on  reed  tones  are  confined  to  those  in  Appnnn*s 
tonometers  at  the  South  Kensington  Museum,  the  Museum  of  King's 
College,  rx>ndon,  and  Lord  Rayleigh's,  where  there  are  copies,  all  of 
which  I  have  counted.  They  consist  of  oblong  boxes  oontaining  the 
reeds  placed  side  by  side.  The  wind  pumped  into  a  large  reserroir,  is 
driven  from  it  by  a  spring,  and  received  into  this  box,  the  heavy  lid  of 
which,  separated  from  the  body  by  the  usual  bellows-folds  of  leather, 
presses  on  the  wind  and  drives  it  on  the  reeds  with  a  very  constsBt 
pressure.  Below  each  reed  is  a  pallet  which,  when  pulled  ont  hf  a 
valve  to  its  full  extent,  allows  the  reed  to  sound  at  its  highest  pitch  to 
which  it  is  tuned.  If  the  pallet  bo  slid  in  somewhat,  the  pltoh  can  hs 
flattened  by  as  much  as  two  vibrations  without  mnch  alfteting  the 
quality  of  tone,  and  even  as  much  as  three  vibrations  with 
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loss  in  quality.  This  power  of  reducing  the  pitch  slightlj  and 
instantly  restoring  it,  is  of  great  service  in  experiments  upon  consi- 
dence  and  dissidence,  which  the  relations  of  the  pitch  of  the  reeds 
allow  of  being  tried  in  a  very  large  number  of  cases.  It  also  enables 
considences  to  be  rendered  perfect  when  the  instrument,  as  is  neces- 
sary generally  the  case,  is  slightly  out  of  tune,  as  the  intervals  can  be 
made  closer  by  flattening  the  upper,  and  wider  by  flattening  the  lower 
reed. 

The  nominal  values  of  the  reeds  are  as  follows : 

Bass  tonometer,  57  reeds,  numbered  by  their  nominal  value  in 
double  vibrations :— 8,  9,  10, 11,  12,  13,  14,  15—16,  17, 18,  19,  20,  21, 
22,  23,  24,  25,  26,  27,  28,  29,  30,  31—32,  34,  36,  38,  40,  42, 44, 46,  48, 
50,  52,  54,  56,  58,  60,  62—64,  68,  72,  U,  80,  84,  88,  92,  96,  100,  104, 
108,  112,  116,  120,  124,  128. 

Tenor  tonometer,  33  reeds,  numbered  0  to  32,  nominal  value =4  x 
number  -|- 128=128,  132,  136,  140,  144,  148,  152,  156,  160,  164, 168, 
172,  176,  180,  184,  188,  192,  196,  200,  204,  208,  212,  216,  220,  224, 
228,  232,  236,  240,  244,  248,  252,  256. 

Treble  tonometer,  65  reeds,  numbered  0  to  64,  nominal  value  =4  x 
number  +256=256,  260,  264,  268,  272,  276,  280,  284,  288,  292,  296, 
300,  304,  308,  312,  316,  320,  324,  328,  332,  336,  340,  344,  348,  352, 
356,  360,  364,  368,  372,  376,  380,  384,  388,  392,  396,  400,  404, 
4<J8,  412,  416,  420,  424,  428,  432,  436,  440,  444,  448,  452,  456,  460, 
464,  468,  472,  476,  480,  484,  488,  492,  496,  500,  504,  508,  512. 

The  correctness  of  these  numbers  had  to  be  proved  in  the  first  place 
by  counting  the  beats.  The  sum  of  the  various  sets  of  beats  in  the 
treble  tonometer  should  be  256,  in  the  tenor  tonometer  128,  in  the 
bass  tonometer,  from  8  to  16,  8  beats ;  from  16  to  32,  16  beats ;  from 
32  to  64,  32  beats;  from  64  to  128,  64  beats.  I  counted  the  beats  in 
the  treble  tonometer  at  Soath  Kensington  several  times.  On  27th 
October,  1876,  each  set  of  beats  being  counted  for  20  seconds,  I  obtained 
256  exactly.  From  5th  to  24th  September,  1877,  I  counted  each  set 
of  beats  for  a  minute,  and  many  times  over,  and,  owing  to  alterations 
in  the  pitch  of  the  reeds,  the  beats  varied  from  3*85  to  4*27  in  a  second, 
their  sums  being  256*27.  On  25th  and  28th  September,  1877, 1  again 
counted  each  set  for  one  minute,  and  obtained  256*28  as  the  sum.  On 
the  10th  and  12th  September,  1877,  I  counted  the  beats  on  Lord 
Rayleigh's  copy,  and  found  the  sum  256*38.  My  count  of  the  King's 
College  copy,  13th  November  to  20th  December,  1877,  at  two  minutes 
for  each  set,  gave  254*75,  and  was  certainly  erroneous.  The  beats 
+  &,  of  a  disturbed  considence,  as  y  :  tp,  which  is  supposed  to  be  near 
n  :  772,  joined  with  the  sum  of  the  beats  d,  between  y  and  x,  when 
?>,  d,  ?n,  n  are  known,  give  y  and  x  by  the  equations — 

my—nx^+b,    y~'X=^d, 
and  hence  the  value  of  {,  the  lowest  note,  is  known,  when  y— 2  is 
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connted.     Of  thirty  determinations  of  I  thus  made  for  the  South 
Kensington  instmment,  the  highest  was  256*65,  the  lowest,  253*051 
and  the  mean,  255*85.     Hence  the  value  of  /  conid  apparently  be  not 
far    from  2oG,   its   nominal   value.      But  when    compared  with  an 
Uts  of  Koenig*s,  the  reed  beat  2*4  flat.     Supposing  Koenig*s  fork  to 
have  been  256  truly,  this  made  Appunn's  Z=253*6,  far  less  than  any  of 
my  counts  and  most  of  my  calculations.  Lord  Rayleigh  and  Mr.  B.  H. 
M.  Bosanquet  had  already  suggested  to  me  that  the  confined  air  in  the 
box  of  the  tonometer,  and  the  vibration  of  the  whole  instmment 
during  the  beats,  "  drew  **  the  notes.     I  believe  they  thought  that  it 
altered  the  pitch  of  the  notes,  and  hence  the  nomber  of  the  beats.     I 
began  to  entertain  the  same  opinion,  and  devised  the  following  ex- 
periment, the  Lords  of  the  Committee  of  Council  on  Education  allow- 
ing  me  to  remove  the  treble  and  tenor  tonometers  from  South  Kensing- 
ton to  the  Museum  of  King's  College,  where  Professor  W.  G.  Adams, 
F.K.S.,  allowed  me  to  compare  these  instruments  with  those  in  the 
Museum  for  many  weeks.     Suppose  L,  M,  N,  are  adjacent  reede  on 
one  instrument,  and  L',  M',  N'  reeds  of  nominally  the  same  pitch  on 
the  other.     Practically,  they  were  not  quite  of  the  same  pitch,  a  cir- 
cumstance  which  showed  inaccuracy  of  construction.     Then   I  took 
the  beats  between  L  and  M,  M  and  N,  and  thus  by  addition  obtained 
the  internal  beats  between  L  and  N,  that  is,  those  which  occnrred 
within  the  box  of  the  tonometer.     When  I  took  the  beats  between  L 
and  M',  M'  and  N,  and  thus  obtained  the  external  beats  between  L  and 
N,  that  is,  beats  which  were  formed  in  the  uncompressed  atmosphere  of 
the  museum   external  to  the  tonometers,  the  number  of  the  internal 
heats  ahoays  exceeded  that  of  tJie  external.     On  taking  a  mean  of  my 
observations,  which  ext:ended  to  every  set  of  beats,  I  found  that  I 
conld  reduce  the  internal  to  the  external  by  diminishing  the  number 
of  the  internal  beats  by  76  in  10,000.     I  was  not  completely  satisfied 
with  the  accuracy  of  my  observations,  or  with  what  I  considered  the 
rather  hazardous  mean,  but  was  unable  to  repeat  the  very  long  oonrae  of 
observations.     In  November,  1879,  however,  I  was  able  to  examine 
every  reed  in  all  the  tonometers  by  means  of  Scheibler's  forks,  and  I 
found  that  thn  nominal  values  of  the  reeds  in  the  treble  tonometer 
could  be  reduced  to  those  of  the  forks  by  a  mean  subtraction  of  76 
in  10,000  ;  in  the  tenor  tonometer  (which  was  altogether  flatter),  hf  a 
mean  subtraction  of  83  in  10,000 ;  in  the  bass  tonometer,  octaTe  64 
to  12ft,  by  a  mean  subtrnction  of  76  in  10,000;  octave  32  to  64^  of  64 
in  10,000 ;  octave  16  to  32,  of  67  in  10,000  ;  the  octave  8  to  16  was  too 
uncertain  to  deduce  a  mean.    These  results  singularly  well  confirm  ilie 
former.    The  nominal  values  had  been  deduced  from  observed  internal 
beats  of  reed  with  reed ;  the  ext<»mal  beats  agreed  whether  thej  wove 
taken  between  reed  and  reed,  or  reed  and  fork.     It  is  certain,  theie- 
fore,  that  the  internal  beats  were  accelerated,  whether  the  mteh  of  tlio 
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reeds  themselves  was  raised  or  not;  I  think  it  was  not.  But  the 
nominal  value,  depending  on  the  accelerated  beats  was,  of  coarse, 
increased,  and  the  experiment  of  the  forks  shows  that  it  was  increased 
exactly  in  the  ratio  of  the  internal  to  the  external  beats.  At  anj  rate, 
therefore,  if  the  pitch  of  the  tones  was  increased,  it  was  not  caused  by 
the  confined  air  acting  upon  a  single  speaking  reed,  but  was  occasioned 
by  the  joint  action  of  two  speaking  reeds. 

This  joint  action  was  very  powerful.  It  shook  the  whole  instrument 
violently.  When  reeds  256  and  260  (I  cite  them  always  by  their 
nominal  value)  were  sounded  together,  at  first  only  a  crash  was 
audible,  but  after  about  a  second  the  ear  could  distinguish  the  beating 
of  the  two  primes,  closely  resembling  the  beating  of  two  tuning-forks 
held  over  resonance  jars,  but  accompanied  throughout  by  a  great  crash, 
which  made  the  simple  beats  difficult  to  keep  well  in  the  ear.  This 
was  totally  diffenmt  from  the  effect  when  a  fork  was  substituted  for 
one  of  the  reeds.  The  simple  beats  remained,  but  the  crash  dis- 
appeared. Moving  of  the  head  caused  considerable  difference  in  the 
loudness  of  the  simple  beats,  due  perhaps,  to  placing  the  ear  at  or  near 
a  node  of  the  sound  wave,  and  removing  it  again.  It  was  useless  to 
attempt  to  count  the  beats  till  these  simple  beats  were  well  recognised. 
As  I  ascended  the  scale,  the  crash  became  less.  It  was  much  less  for 
reeds  272  and  276,  and  the  contrast  of  these  beats  with  those  of  256 
and  260  on  the  one  hand,  and  288  and  202  on  the  other,  was  very 
striking.  For  roods  320  and  324  the  crash  was  comparatively  faint. 
I  could  not  distinguish  the  beats  of  the  second  partials  or  octaves  from 
the  general  orash  arising  from  the  beats  of  all  the  other  partials.  The 
bc^ats  of  the  primes  were  quite  separate,  slow  (4  in  a  second)  and 
distinct,  and  they  seemed  to  give  the  time  to  the  other  beats.  For 
roods  376  and  380,  the  beat  of  the  primes  overpowered  the  crash, 
which  became  comparatively  light,  and  after  this  point,  the  beats  of 
the  primes  were  always  easy  to  find.  From  reeds  412  and  416,  the 
l)eats  of  the  primes  were  the  principal  phenomena,  and  after  492  and 
406,  the  In^ats  wore  practically  simple. 

In  the  tenor  and  bass  tonometers,  the  beats  were  still  more  dis- 
trossing  to  the  ear,  for  even  for  single  notes  the  upper  partials  beat 
clearly  and  slowly  enough,  afler  reed  64,  to  be  distinctly  perceived  as 
beat«;  and  the  beats  of  two  reeds  sounded  almost  like  a  continually 
roitoratfHl/pw  de  jnie.  Below  reed  16,  the  primes  could  not  be  heard 
at  all,  but  down  to  8  the  beating  upper  partials  could  be  heard. 

The  ofTtM't  of  the  external  beats  on  the  ear  was  distinctly  different 
from  the  ofTocts  ot  the  internal  beats.  The  $Hrge  of  the  other  partials 
was  not  St)  strong,  and  the  beats  were  much  easier  to  count.  At  one 
time  I  placed  the  two  tonometers  fully  50  feet  apart,  and  stood  half 
way  between  them  to  count  the  beats,  which  were  remarkably  clear, 
the  surge  becoming  indistinct,  very  like  that  of  the  distant  waves  on 
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a  sea-shore,  and  forming  a  running  accompaniment,  totally  dissimilar 
from  the  boll-like  beat  of  the  partials. 

The  pitch  of  the  reeds  on  the  treble  tonometer  famishes  not  only 
numerous  cases  of  considences,  but  numerous  cases  of  disturbed  consi- 
dences,  beating  four  times  in  a  second,  when  the  reeds  are  in  order.  Thus 
3  X  256=2  X  BS-iiy  and  hence  256  and  384  area  perfect  considence.   But 
3  X  260  -  2  X  388  =  +  4,  so  that  260  and  388  form  a  disturbed  Fifth,  beat- 
ing  4  times  in  a  second,  the  upper  note  being  too  flat;  while  3  X  260 — 2  X 
392=  —4,  another  disturbed  Fifth,  also  beating  4  times  in  a  second,  the 
upper  note  being  too  sharp.   The  fact  of  the  upper  note  being  too  flat  or 
too  sharp  is  shown  immediately  by  flattening  it,  as  previously  described ; 
the  first  beats  are  then  made  more  rapid  and  the  second  more  slow,  bat 
it  is  impossible  to  destroy  them  entirely,  as  the  upper  note  cannot  be 
sufficiently  flattened.     It  is  delightful,  however,  to  take  what  should 
bo  a  perfect  considence,  as  all  were  when  I  flrst  examined  the  instru- 
ment, and  throw  it  out  of  tune  by  flattening  either  the  upper  or  lower 
not€,  or  both  unequally,  producing  the  dissident  beats,  and  then  to 
sharpen  these  notos  gradually,  and  listen  to  the  beats  growing  slower 
and  slower  till  they  finally  entirely  disappear,  and  then  reappear  as 
the  sharpening  is  carried  too  far.   The  nature  of  considence  and  dissi- 
dence  is  thus  distinctly  felt,  and  the  delimitation  of  a  considence  is 
determined  by  the  possibility  of  hearing  these  dissident  beats  when 
one  of  the  extreme  notes  is  flattened.     The  beats  are  clear,  distinct, 
and  simple,  and  can  be  made  very  slow ;  their  pitch  is  also  exactly 
what  has  to  be  expected  by  the  number  of  the  partials.     The  other 
partials  of  the  two  notes  in  the  meantime  beat  roughly,  strongly,  and 
very  much  faster  than  the  dissident  beats.     Thus  for  the  Foorth  4:3, 
we  may  take  reeds  264  and  352,  then  the  partials  will  be — 

(1)  (2)  (3)  (4)  (5) 

264     528     792    1,056    1,320,4c. 

3.V2        704        1,056        1,408,4c. 
(1)        (2)         (3)         (4) 

Even  when  the  1,056  is  consident,  the  88  beats  of  704  and  792,  and 
of  1,320  and  1,408  are  easily  heard,  producing  the  well-.known 
*'  roughness ''  of  the  Fourth,  while  the  264,  352,  and  528  boom  along 
loudly  and  independently.  But  if  the  upper  note  is  flattened,  the  rate 
of  the  two  first  beats  is  altered,  one  becoming  faster  and  the  other 
slower,  while  slow  beats  of  an  entirely  different  character  are  intro- 
duced at  the  high  pitch  of  about  1,056,  by  the  tearing  apart  of  these 
formerly  coincident  ])artials.  I  have  watched  the  phenomenon  over 
and  over  again  for  ditlercnt  considences,  and  cannot  imagine  a  better 
demonstnition  of  Helmholtz*s  theories. 

The  following,  among  numerous  other  considences,  have  all  been 
clearly  delimitated  by  me  in  the  way  mentioned,  and  moat  of  the 
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forms  of  dissidences  which  should  beat  4  in  a  second  have  also  been 
investigated :  Fifth  3 :  2,  Fourth  4 :  3  Major  Third  5  :  4,  Minor  Third 
6  :  5,  Major  Sixth  5  :  3,  Sub-Fifth  7  :  5,  Super-Fourth  10  :  7,  Super- 
major  Third  9 :  7,  Sub-minor  Sixth  14 :  9,  Sub-minor  Third  7 : 6, 
Super-major  Sixth  12 :  7,  Sub- minor  or  Harmonic  Seventh  7:4,  Super- 
major  Second  8  :  7,  Major  Tone  9 :  8,  Minor  Tone  10 :  9,  Small  Major 
Seventh  9 :  5,  and  Diatomic  Semitone  16 :  15.  The  latter  was  most 
difficult,  on  account  of  the  great  roughness  of  the  intervening  beats, 
and  succeeded  best  in  the  highest  case,  reeds  480  and  512.  The  Major 
Sevenths  16 : 9  and  15 :  8,  however,  baffled  me,  from  the  excessive 
roughness  of  the  other  beats.  1  have  frequently  shown  these  effects  to 
others,  and  as  the  instruments  are  accessible  at  the  South  Kensington 
Museum,  they  can  easily  be  repeated.* 

In  counting  the  beats  of  the  reeds  with  forks,  I  was  unable  to  use 
the  octaves  of  the  forks,  as  they  were  entirely  drowned  by  the  primes 
of  the  reeds,  and  hence  above  reed  440  I  was  obliged  to  use  other  forks 
which  had  been  previously  counted  with  the  octaves  of  Scheibler*s 
forks;  but  ))eIow  reed  220  I  always  counted  by  the  partials  of  the 
reeds.  By  this  means  1  was  able  to  determine  the  pitch  as  far  as  12 
vib.  in  a  sec.,  with  tolerable  certainty.  Occasionally  I  determined  the 
pitch  of  a  single  reed  by  means  of  several  partials,  beating,  of  course, 
with  the  primes  of  different  forks.  The  following  table  gives  the 
nominal  numbers  of  some  of  these  low  reeds,  with  the  partials  used, 
the  mean  pitch  determined,  and  the  decimals  of  a  vibration  determined 
from  the  different  partials,  showing  the  close  agreement  of  the  several 
determinations. 


Nominal 
number 
of  vi- 
brations. 

Mean  number 

of  Tibrations  in 

the  prime  bj 

Scheibler*s* 

forks. 

Partial*  used,  of 

which  the  pitch  was 

determined. 

Decimals  of  the  numbers  of 

Tibrations  of  the  prime  as 

calculated  from  the  pitdi 

of  the  partial!. 

8« 

87-34 

3.4,5 

•34,  -33,  36 

72 

71-46 

4.5.6 

•45,  -45,  -47 

6i 

6352 

4,6.6 

-62,  -62,  -63 

48 

4768 

5.  6,  7.  8.  9 

•67,  -68,  -67,  -69,  '71 

40 

3992 

6,  7,  8.  9,  10.  11 

•91,  -93,  -90,  -92,  -93,  -98 

36 

3574 

7.  8,  9.  10.  11,  12 

•78,  -73,  -73,  -785,  -746,  -74 

32 

31-47 

1 

7,  8,  8,  9,  10,  11,  12,  13 

•47,  -48,  -46,  -47,   49,   46, 
47,  -45 

23 

22-88 

13.19 

-88,  88 

IG 

1594 

25.  27.  25 

•94.  94.  -92 

13 

129<) 

20,25 

•89,  91 

12       ' 

1 

11-90 

20,28 

•88,  91 

*  Since  this  paper  was  sent  in  to  the  Bojal  Societj,  I  hare  handed  to  the  Secre* 
\atj  of  the  Science  and  Art  Department  for  the  use  of  the  South  Kenaington 
Museum,  a  detailed  account  of  Che  method  of  making  theae  ezperimenta,  with  tablet 
showing  how  to  bring  the  proper  reeds  into  action. — June  16, 1880. 
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After  reed  12  the  results  were  very  tincertaiii.  After  reed  32  the 
primes  were  scarcely  audible,  and  after  reed  15  they  were  utterly 
inaudible.  All  that  could  be  distinguished  was  the  thumping  of  the 
beats  of  the  upper  pai'tials,  and  these  became  gradually  fainter  and 
fainter,  but  were  always  audible  even  for  reed  8. 

The  mode  of  finding  the  proper  forks  for  any  partials  of  reeds  was 
simple,  since  the  approximate  pitch  of  the  reed  and  the  actual  pitch  of 
the  fork  were  known.  Thus  for  reed  12,  the  20th  partial  would  be 
nearly  20  x  12=240,  and  hence  would  lie  between  the  forks  239*66  and 
235  CO.  On  trial  I  found  the  beats  to  be  respectively  2*00  and  1'96 
(the  last  a  mean  of  several  counts).  Then  239'66— 20X  reed  12:= 
200,  and  20 x  reed  12-235*69= 1-96.  These  give  ilOx  reed  12= 
237*66  and  237*65  respectively,  and  consequently  reed  12= 11*88 
vibrations.  The  ease  and  certainty  with  which  the  partials  could  thna 
be  picked  out  was  delightful  to  observe.  As  no  resonance  boxes  or 
jars  were  used  for  the  reeds,  the  objection  sometimes  made,  that 
such  pailials  are  created  by  multiple  resonances  within  the  resonance 
cavity  itself,  falls  to  the  ground,  and  the  practical  objective  ezistenoe 
of  the  partials  is  established.  The  practical  coincidence  of  the  valnes 
of  the  prime  from  several  distinct  ])artials  shows  that  there  was  no 
error  in  assigning  the  pitch  to  the  proper  partial.  In  the  case  of  the 
four  last  reeds,  11,  10,  9,  8  only,  where  successive  partials  are  so  very 
close,  did  1  feel  any  uncertainty,  and  hence  I  have  not  cited  these 
results.  It  was  for  these  cases  extremely  difficult  to  hear  any  heats 
at  all,  as  distinct  from  the  beats  of  the  partials  of  the  single  notes 
themselves,  as  the  partials  that  had  to  be  used  were  very  high  and 
verv  weak.  From  and  after  reed  32  there  were  no  musical  sounds 
at  all ;  indeed,  even  reed  64  scarcely  deserved  the  name  of  a  musical 
sound,  so  strong  were  the  beats  of  the  upper  pai*tials. 

As  the  coefticient  of  temperature  for  reeds  is  unknown,  a  suspicion 
of  error  to  a  small  amount  attaches  to  all  these  detenninations 
of  pitch,  which  were  made  at  artificial  temperatures  varying  from 
45 '  to  55°  F.  This  want  of  correction  for  temperature,  and  Uabiliij 
to  lose  pitch  from  unknown  circumstances,  militate  against  the  nse  of 
the  reed  tonometer  for  scientific  purposes,  but  on  accoont  of  its 
muinei*ou8  partials  it  is  admirably  adapted  for  many  purposes  which 
the  stabler  tuning-fork,  with  its  small  number  of  available  partials, 
cannot  subserve.  How  stable  tuning-forks  are,  it  is  difficult  to  say. 
The  lowest  and  highest  forks  of  Scheibler*s  tonometer  do  not  seem  to 
have  vari(*d,  bv  so  much  as  the  twentieth  of  a  vibration  since  1837, 
judiriiig  by  my  own  measurements  and  by  Professor  IfcLeod's 
measurements  of  a  fork  in  absolute  union  with  the  highest.  A  good 
fork,  nuu'ked  438  simple  vibrations  (that  is,  219  double  vibratioiis)  in 
Scheibler's  own  handwriting,  probably  about  fifty  years  ago,  ij 
considerably  rusty,   but  1  measure  it  as   21877  double  vil 
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hence  it  cannot  have  altered  more  than  0  23  vibration,  for  which 
the  rust  fallj  accounts.  At  the  same  time  five  other  forks,  of  a  large 
size  and  very  different  make,  after  having  jonmeyed  to  America  and 
back  to  be  measured  by  Professor  Mayer,  have,  according  to  Professor 
McLeod's  measures,  lost  0015,  165,  '0205,  -0285,  and  014  vibration 
respectively.  The  second  fork  was  not  so  good  as  the  rest,  and  may 
possibly  have  been  slightly  wrenched,  as  it  had  to  be  screwed  in  and 
out  of  a  wooden  holder.  The  other  losses  scarcely  exceed  errors  of 
observation  and  differences  of  estimation  of  the  effects  of  temperature. 
Tlie  points  to  which  I  wish  to  draw  attention  are,  the  establishment 
of  the  acceleration  of  beats  which  take  place  in  confined  spaces,  and 
the  corroboration  of  Helmholtz*8  theory  of  the  objective  existence  of 
partial  tones,  by  means  of  beats  of  these  partial  tones,  either  with  one 
another  or  with  those  of  other  compound  tones. 


II.  "  On  the  Lowering  of  the  Freezing-Point  of  Water  by  Pres- 
Kure."  By  James  Dewar,  M^.,  FxRS.,  Jacksonian  Pnw 
fesBor  of  Natural  Experimental  Philosophy  in  the  University 
(►f  Cambridge.     Received  June  10,  1880. 

The  Cailletet  pump  may  be  conveniently  employed  to  observe  the 
thermal  effects  of  compression  on  solid  and  fluid  substances.  Before 
engaging  in  an  investigation  on  this  subject,  it  was  necessary  to  test 
the  apparatus,  and  especially  the  manometer.  For  this  purpose  it 
Ncemed,  on  theoretical  grounds,  that  observations  on  the  lowering  of 
the  frcesing-point  of  water  by  pressure  would  be  a  severe  test  of  the 
accuracy  of  the  pressure  gauge,  and  the  constancy  of  the  records  of  the 
t  her  mo- junctions  under  pressure.  I  am  not  aware  of  any  quantitative 
experiments  on  this  subject  having  been  made  under  high  pressures. 
Sir  William  Thomson  carried  the  proof  of  the  accuracy  of  Professor 
Jnmes  Thomson's  great  theoretical  discovery  to  a  pressure  of  17  at- 
mospheres.*  The  experiments  of  Mousson  ("  Pogg.  Annalen,**  1858) 
were  not  of  a  quantitative  character,  being  merely  intended  to  show 
that  ice  at  a  temfierature  of  —18°  C.  might  still  be  liqnefied  by  the 
application  of  an  enormous  pressure.  The  following  experiments 
4ippcar  to  show  that  a  convenient  manometer  for  very  high  pressures, 
based  on  the  observation  of  the  freezing-point,  may  be  easily  con- 
structed. 

In  all  the  following  experiments  the  galvanometer,  moving  to  the 
negative  side,  represents  a  cooling  effect  on  the  junction  insMe  the 

•  "  The  Effect  of  Pressure  in  Lowering  the  Freezing-Point  of  W^tcr  experimen- 
Ullj  demon«trated."     "  Phil.  Mag.,"  ISoO. 
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bottle.  One  division  on  the  arbitrary  aoale  represented  aboat  ■^{^  of  a 
degree  C,  Two  thermo-janctions,  made  of  iron-copper  wirea,  insn- 
latod  by  a  covering  of  marine  gtne,  the  jnnctiona  themselves  being 
covered  with  a  thin  layer  of  gutta-percha  diasolved  in  benzol,  were 
employed  in  the  experiments. 

One  janction  was  placed  in  the  iron  bottle,  to  record  the  effect  of 
pressure  under  different  circumstances,  the  other  was  kept  in  a  beaker 
outside  at  the  constant  temperature  of  melting  ice. 

(Fig.  3  shows  the  general  arrangement  of  bottle  and  thermo-jnnc- 
tiona.) 

FiQ.  8. 


A  juuction,  fised  in  a  brass  flange  witli  marino  gloe,  was  frozen  in 
a  test-tube  containing  boiled  water,  and  placed  in  the  iron  bottle  of 
the  Cailletet  apparatus,  snrronnded  with  water  at  0°  C,  the  bottle 
itself  being  packed  round  with  ice. 

The  pressure  was  increased  by  25  atmospheres  at  a  time.  The 
galvanoroeter  showed  a  deflection  immediately  after  the  pressure  waa 
applied,  rapidly  coming  to  rest,  and  it  remained  perfectly  steady  at 
the  lo*cr  temperature  as  long  as  the  pressure  was  maintained  constant. 

The  following  table  gives  the  results  of  one  of  many  series  of  ex- 
^riments,  which  agreed  ^eryneaxV^.    Prcaaures  were  recorded  by  a 
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metallic  manometer  which  had  been  chequed  on  several  occasions.  The 
records  of  the  first  25  atmospheres'  pressure  are  not  reliable. 

Galvanometer  zero  +1.  Increase. 

25  atmospheres  =  —  26  position  on  scale ^  ^ 

19 


oO  ,,  —  —   4o  ,,  ,, 


^*^  »  —  T-   b^  „         „  2A 

100  „  =  -  82         „         „         

125  „  =  -100         „         „  20 

22 

21 

22 

225  „  =  — loo         „         „  |Q 


150  „  =  -120 

175  „  =  -U2 

•200         „  =  -163 


250         „  =  -203         „        „         20 

27t>  „  ^      2-0  ,y         „  20 

300         „  =-243         „        „         

This  represents  a  mean  deflection  of  19*7  on  the  scale,  being  0*18 
of  a  degree  C.  for  25  atmospheres,  or  a  lowering  of  the  freezing-point 
by  2°'l  C.  for  the  total  range  of  pressure.  The  mean  reduction  for 
one  atmosphere  of  pressure  is  0°'0072. 

These  experiments  were  afterwards  repeated,  with  a  stronger  pump, 
to  700  atmospheres.  Exactly  the  same  mean  deflection  was  observed, 
and  the  galvanometer  moved  with  the  same  regularity. 

Series  IL 

The  junction  in  the  flange  was  placed  in  a  piece  of  quill  tubing, 
open  at  top  and  bottom,  in  order  to  insulate  it  from  the  sides  of  the 
iron  bottle,  and  surrounded  with  water  at  0°  C.  instead  of  ice,  the 
iron  bottle  being  afterwards  packed,  as  before,  in  ice.  On  applying 
pressure  a  very  sbght  decrease  of  temperature  occurred,  the  whole 
deflection  for  200  atmospheres  being  only  about  4t  divisions,  or  ^  of  a 
degree  C.  This  agrees  with  Joule's*  experiments  on  the  compression 
of  water  about  the  same  temperature. 

Series  III, 

A  mixture  of  finely  powdered  ice  and  water  was  placed  round  the 
junction  inside  the  bottle,  which  was,  as  usual,  packed  afterwards  in 
ice.  It  will  be  seen,  from  the  following  set  of  readings,  that  the 
deflection  was  about  the  same  as  when  the  junction  was  froa&en  into  a 
block  of  ice,  the  only  difference  being  that,  whereas  the  galvanometer 
in  the  first  series  assumed  its  new  position  immediately  after  the  pressure 
was  applied,  the  instrument  now  required  from  two  to  three  minutes 
before  coming  finally  to  rest,  the  action  being  far  more  sluggish. 

•  *'  On  the  ThemiAl  EffecU  of  C»mpre»ing  Fluids.**  "*  Proe.  Boj.  Soc.,*'  ?oL  ix, 
p.  49& 
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Pressure.  Position  on  Scale. 

Zero  =  -f-6. 

25      -  17 

50      -  36 

7o     -  55 

100     -  74 

125      -  91 

150     -110 

175     -130 

200     -149 


19 
19 
19 
17 
19 
20 
19 


Mean  deflection  for  25  atmospheres  is  19*4  divisions  of  the  scale. 

Series  IV. 

Brine  was  placed  round  the  junction  in  the  bottle,  the  latter  bein^ 
afterwards  packed  in  ice  and  salt,  to  reduce  the  temperature  of  the 
brine  to  —18"  C,  the  other  junction  being  placed  in  ioe  and  salt  in  a 
beaker  outside  the  iron  bottle.  The  junctions  were  then  oonnected  np 
with  the  galvanometer,  and  allowed  to  remain  until  the  teraperatnre- 
became  equalised : — 

Zero  +85. 
Atmospheres.  Position  on  Scale.  InerMM. 

25        +98        

50         +106        ^ 

75        +115        J 

100        +121         ^ 

125         +128         \ 

150        +134        ^ 

175        +138        ^ 

300        +142        * 

In  this  case  a  heating  effect  was  produced,  which  seemedy  however^ 
to  decrease  as  the  pressure  was  increased.  It  represents  an  increase  of 
Jj  of  a  degree  Centigrade  for  the  whole  200  atmospheres. 

Series  V. 

The  junction  in  the  flange  was  frozen  into  a  solid  block  of  ice  as  in 
Scries  I,  and  placed  in  the  bottle,  surrounded  with  brine  at  — 20"  C, 
the  whole  apparatus  packed  in  ice  and  salt.  A  very  slight  heating 
eficct  was  produced,  which  only  amounted  to  about  1^  divisions  lor 

200  atmospheres. 

Series  VL 


These  experiments  were  made  with  the  junction  froien  into 
tube  as  in  Series  I,  with  mercury  surrounding  the  test-tnbe  instead  of 
water.  This  gave  exactly  the  same  deflection  of  the  galTanomsfeer  as 
when  water  was  employed,  only  the  experiment  oonld  not  be 
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on  for  a.  long  time,  as  the  ic«  melted  with  oonsidemble  rapidity,  from 
the  heating  of  the  mercnry  by  compression. 

Seriet  VII. 
As  in  several  CB-sos  the  junction  that  was  placed  inside  the  bottle, 
and  which  had  been  several  times  subjected  to  high  pressures,  appeared 
to  be  affected  hy  the  compressiim  and  worked  somewhat  irregnl&rly,  it. 
was  thoagbt  advisable  to  snbject  both  the  junctions  to  the  same  com- 
pression, so  as  to  have  them  both  nnder  the  same  conditions.  For  this 
pnrposo  both  junctions  were  passed  through  the  brass  flange  (fig.  I), 
being  well  insulated  by  marine  glue,  the  one  renLaining  outside  of  the 
test-tube  in  which  the  other  was  frozen. 


The  results  with  ice  were  exactly  the  same  as  when  one  junction 
vfhf.  pinccd  outside  of  the  bottle.  Pressure  still  appeared  to  have  an 
effect  upon  the  juuctions,  as  after  one  or  two  series  of  compression 
experiments  they  could  be  no  longer  relied  upon,  and  worked  very 
irregularly.  The  only  way  to  obviate  this  difficulty  was  to  prevent 
the  junctions  being  submitted  to  pressure  at  ftll,  and  this  was  effected 
by  soldering  a  stout  iron  tnbo  (fig.  2),  about  }  inch  internal  diameter, 
into  the  bmss  flange,  which  reached  to  about  the  centro  of  the  bottle. 
The  tube  was  closed  at  the  bottom  and  contained  a  few  cubic  centi- 
metres of  alcohol,  into  which  the  junction  was  lowered  from  the 
outside.  The  part  of  the  tube  which  went  into  the  bottle  was  then 
frozen  into  a  mass  of  ice,  and  the  iron  tube  sustained  all  the  interior 
pressure.  The  alteration  of  temperature  was  conveyed  slowly  thiongh 
the  iron  to  the  junction. 
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Tliis  method  worked  exceedingly  well,  giving  exactly  the  same  results 
as  before,  the  only  drawback  being  that  tlie  iiction  was  i-ery  slnggiiii, 
the  galvanometer  taking  about  two  minatea  to  come  to  re*>t  after  each 
addition  of  pressure.  The  above  results  seem  to  prove  that  the  calcn- 
Inted  value  of  the  variation  of  the  freezing-point  of  water,  dednoed 
from  the  observed  difference  of  volume  of  ice  and  water,  and  the 
latent  heat  of  fluidity  at  the  melting-point  under  one  atmosphere  of 
pressare,  is  identical  with  the  mean  experimental  value  obtained  from 
a  series  of  observations  extending  to  TOO  atmospheres.  From  Cln- 
peyron's  formula  we  are  tliua  entitled  to  infer  that  — — ^constant, 

where  T  is  absolute  temperature,  V  the  differoiice  of  volnme  of  tha 
two  status,  and  L  the  latent  beat  of  fluidity.  If  V  is  assumed  to  be 
approximately  constant,  then  T  varies  as  L.  Thus  tbe  latent  heat  of 
tee  diminishes  as  tlio  freezing-point  is  lowered  by  pressaru.  This  is  in 
accordatieo  with  the  deductions  of  Clausius*  from  other  con  si  derations. 


Ill,    -On  tin;  Ci-ilical   Point  of  Mixed  Vapmirs."     By  JamsS 
DE\yAR.  .^[.A..  F.R.S.,  .JaekBoiiiau  Profeasw  of  N.ihiral  Bx- 

pcriiiR'ntiil    Philosiiphy    in   the   Uiiivereity  of  Cambridge. 
ilrceivfa.Iuiir  10.  i^m. 

Thu  following  (.■xperiments  regarding  the  behaviour  of  i-^rbonio 
arid  in  ji  risen  re  oi"  different  vapours  above  the  temperature  of  tbv 
critii'ul  jtoint  nf  the  pure  gas,  were  undertaken  to  ascertain  if  any 
opticiil  disi'oiitiuiiity  could  be  observed  ia  such  mixtures.  As  tho 
i>l>J('rt  w.in  inti'ntionally  a  qualitative  investigation,  many  of  th6 
|iri;ssurr  oliMTViitioiis  have  been  taken  with  tbe  metallic  manomotor. 

Tlfc  Li'ji'./iii'l/"ii  of  Carbonic  Acid  in  presence  of  other  TSoili&i. 

I ,  ( ■,nl.n,,ic  Add  and  Bifulphi.ie  of  Oarhoii. 

Ciirln'iiir  ;iiiil  li(|utiied  in  presence  of  n  small  quantity  of  bisulphide 

of  ciirlHjii  :it  n  pressure  of  49  atmospheres  and  a  temperature  of  Ifl"  C. 

It  floiitrd  oil  till' convex  surface  of  the  bisulphide,  the  line  of  sepamtioB 

beiii,!,'  f-liiiip  "lid  "ill  dcfinoil. 

At  '■'>'•  ('.  liiiuiil  coTidcnsed  on  the  surface  of  the  bisulphide  iu  tJia 
sami'  w:iv  :if  a  pressure  of  78  atmospheres,  at  40"  C.  it  still  appoartd 
nt  ^'>  atmoyjilii'ii's,  ;U  itii"  C.  there  seemed  to  be  a  distinct  appoansM 
of  two  liipiiils,  ami  at  o><"  C.  there  was  still  the  same  apparent  fiopun^ 
lion  uiiilcr  ii  pressuru  of  110  atmospheres.  Observed  at  i?"  C.  ftu^A' 
•  '■  Phil-  Msg.,"  1851. 
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pressure  of  80  atmospheres,  there  was  a  distinct  layer  of  a  separate 
fluid  on  the  surface  of  the  bisulphide,  the  bisulphide  surface  however 
was  not  so  well  defined. 

Bj  keeping  the  temperature  at  47°  C,  on  increasing  the  pressure 
to  110  atmospheres,  the  upper  surface  of  the  liquid  floating  on  the 
bisulphide  almost  entirely  disappeared.  By  reducing  the  pressure  again 
to  80  atmospheres,  the  surface  of  demarcation  did  not  appear,  but  on 
reducing  the  pressure  another  5  atmospheres,  the  lino  of  demarcation 
again  appeared  very  sharply  and  remained.  A  quick  withdrawal  to 
58  atmospheres,  followed  by  a  gradual  increase  of  the  pressure  to  85 
atmospheres,  did  not  make  the  liquid  remain,  but  on  reducing  it  again 
slowly  to  80  atmospheres  the  definition  became  perfectly  sharp. 

2.   Carbonic  Acid  and  Chloroform. 

Carbonic  acid  in  presence  of  chloroform  at  18°  C.  liquefied  at  25 
atmospheres,  forming  a  distinct  layer  on  the  surface  of  the  chloroform. 
On  further  compression,  the  manometer  rose  rapidly  to  50  atmo- 
spheres, at  which  pressure  the  two  liquids  mixed  completely,  after 
being  left  for  a  few  minutes.  When  the  pressure  was  rapidly 
withdrawn,  distinct  layers  of  what  appeared  to  be  carbonic  acid  were 
always  formed,  which  however  became  rapidly  dissolved  in  the  chlo- 
roform on  standing  a  few  seconds. 

At  33°  C.  liquid  began  to  appear  at  a  pressure  of  35  atmospheres, 
and  on  increasing  the  pressure  to  55  atmospheres  it  behaved  in  exactly 
the  same  way  as  at  the  lower  temperatures,  except  that  the  layer  was, 
if  anything,  more  distinct  and  mixed  more  rapidly  with  the  chloroform 
on  standing. 

At  55°  C.  a  layer  of  liquid  was  still  formed  at  a  pressure  of  50  at- 
mospheres ;  at  67°  C.  it  behaved  in  the  same  way,  except  that  there 
was  a  smaller  quantity  of  liquid  formed,  and  the  pressure  rose  to 
65  atmospheres. 

In  every  case  it  rapidly  mixed  with  the  chloroform  when  left  for  a 
few  seconds. 

3.  Carbonic  Acid  and  BetizoL 

At  18°  C.  the  carl)onic  acid  commenced  to  liquefy  at  a  pressure  of 
25  atmospheres,  and  at  the  moment  of  liquefaction  the  surface  of  the 
benzol  became  violently  agitated,  the  carbonic  acid  falling  through  the 
benzol  in  an  oily  stream,  and  becoming  completely  mixed  with  it. 

When  by  further  condensation  more  liquid  was  formed,  the  agita- 
tion almost  entirely  ceased,  the  liquid  carbonic  acid  forming  a  distinct 
layer  on  the  saturated  benzol.  On  leaving  this  for  about  five  miiuites, 
the  line  of  demarcation  disappeared,  and  the  two  liquids  formed  a 
perfectly  homogeneous  fluid. 
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On  again  increasing  the  pressure  so  as  to  get  a  layer  of  carbonio 
acid,  and  then  releasing  the  pressure  gradoallj,  the  liquid  carbonio 
acid  on  the  surface  first  fell  in  oily  streams  through  the  satorated 
benzol ;  but  when  all  this  had  disappeared,  the  carbonic  acid  then 
commenced  to  boil  from  the  bottom  of  the  benzol,  and  continued  to  do 
so  until  it  was  again  entirely  vaporised. 

At  35°  C.  liquid  commenced  to  appear  at  35  atmospheres,  forming 
a  distinct  layer  on  the  surface  of  the  benzol,  which  was  not  in  the 
least  agitated.  On  further  compression  the  liquid  layer  increased  in 
volume,  but  no  oily  streams  were  seen  to  fall  through  the  bensol ;  and 
on  leaving  it  for  about  ten  minutes,  the  layer  of  liquid  was  almoet 
just  as  distinct,  showing  that  it  was  not  nearly  so  soluble  in  the  benzol 
at  this  temperature. 

On  the  pressure  being  now  reduced,  the  liquid  quietly  evaporated 
away  from  the  surface ;  but  when  all  this  had  disappeared,  carbonic 
acid  commenced  to  boil  oub  of  the  benzol,  showing  that  it  had  dis- 
solved a  considerable  amount. 

At  52^  C.  the  liquid  appeared  at  60  atmospheres,  forming  a  layer 
which  mixed  yntXi  the  benzol  on  standing ;  and  at  70°  C.  and  85  at- 
mospheres a  distinct  layer  was  also  formed,  which  however  rapidly 
mixed  with  the  benzol. 

4.  Carbonic  Acid  and  Ether. 

A  tube  was  filled  with  carbonic  acid  and  a  little  ether  introdnoed. 
At  20°  C,  and  at  a  pressure  of  20  atmospheres,  the  carbonic  acid 
liquefied  and  fell  through  the  ether,  mixing  with  it  in  all  proportions. 

At  42^  C.  liquid  was  condensed  on  the  surface  of  the  ether  at  a 
pressure  of  55  atmospheres,  forming  a  distinct  layer ;  the  npper  sur- 
face of  the  ether  was,  however,  kept  in  continual  oscillation  from  the 
apparent  solution  of  the  carbonic  acid  in  it.  No  currents  due  to  the 
falling  of  the  carbonic  acid  through  the  ether  were  visible.  At  68°  C.y 
and  a  pressure  of  110  atmospheres,  a  perfectly  separate  layer  of  finid 
was  formed  on  the  surface  of  the  ether,  and  no  currents  descended 
through  the  other. 

5.  Carbonic  Acid  and  Nitrous  Oxide. 

When  a  tube  was  filled  with  equal  volumes  of  carbonio  acid  and 
nitroas  oxide,  and  the  gas  liquefied,  the  fluids  mixed  together  in  all 
proportions,  no  difference  being  perceptible ;  but  when  the  prossmo 
was  suddenly  withdrawn,  the  one  gas  boiled  before  the  other,  uid  fbr  a 
few  seconds  a  distinct  line  of  separation  was  seen. 

Liquefaction  of  Carbonic  Aci*l  tiith  Trichloride  of  Photphomna* 
At  16°'20  C,  and  42*95  atmospheres'  pressure,  the  oavlKmio  Mid 
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commenced  to  condense  on  the  sides  before  the  trichloride  of  phos* 
phoras  came  in  sight,  and  when  the  latter  was  visible,  a  slight  in- 
distinct layer  of  fluid  was  seen  on  the  surface,  distinguishable  by 
the  different  refractive  index  of  the  two  liquids,  there  being  no  sharp 
line  of  demarcation.  On  standing  a  few  minutes,  the  liquids  became 
quite  homogeneous.  On  increasing  the  pressure,  more  carbonic  acid 
was  condensed,  forming  a  more  or  less  distinct  layer  on  the  surface  of 
the  trichloride  of  phosphorus.  This,  however,  rapidly  disappeared  on 
standing.  On  releasing  the  pressure,  the  carbonic  acid  boiled  first  on 
the  surface,  but  afterwards  through  the  liquid,  the  trichloride  of  phos- 
phorus at  the  same  time  falling  in  heavy  strisD  to  the  bottom. 

At  23^  C.  the  carbonic  acid  appeared  to  liquefy  at  46*91  atmo- 
spheres, exactly  the  same  appearances  taking  place  as  at  16^0. 

At  30"  C.  the  carbonic  acid  liquefied  at  49*94  atmospheres,  forming 
a  rather  more  distinct  layer,  and  not  mixing  so  readily.  On  increasing 
the  pressure  to  90  atmospheres,  the  surface  of  the  carbonic  acid  dis- 
appeared, it  being  near  its  critical  point,  the  top  part  of  the  tube 
being  filled  with  a  homogeneous  mass.  The  trichloride  of  phosphorus 
could  also  not  bo  distinguished  on  the  surface  of  the  mercury,  its 
upper  surface  being  entirely  mixed  up  with  the  carbonic  acid,  the 
whole  space  above  the  mercury  fomiinsr  one  homogeneous  mass. 

On  releasing  the  pressure,  a  cloud  first  appeared,  and  then  the  sur* 
face  of  the  carbonic  acid  became  visible  ;  it  boiled  away  first  from  the 
surface,  and  afterwards  through  the  trichloride  of  phosphorus. 

At*33°C.,  liquid  carbonic  acid  appeared  at  50*84  atmospheres. 
At  40  „  „  „  56*88 

At  50  „  „  „  66*53 

At  all  the  temperatures  above  30°C.,  the  appearances  were  the  same* 
except  that  as  the  temperature  increased,  the  quantity  of  fluid  h'quefied 
diminished,  and  it  took  a  greater  pressure  to  make  the  surface  of  the 
trichloride  of  phosphorus  disappear. 

The  following  are  pressures  taken  with  a  smaller  quantity  of  car- 
bonic acid  and  trichloride  in  the  tube,  and  were  read  off  when  the  sur- 
face of  the  trichloride  was  first  agitated,  thus  showing  that  the 
carbonic  acid  had  commenced  to  condense. 


At  H»  -5  C 22-70  atmospheres. 

16-5 24*70 


22  *8 

;^o 

40*0 
50*0 
70-0 


42  -18 
33*88 
36-36 
49*67 
76-61 
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Liquefaction  of  Carbonic  Acid  with  Tetrachloride  of  Carbon, 

The  quantity  of  tetrachloride  of  carbon  was  a  little  less  than  the 
volume  of  the  liquid  carbonic  acid. 

At  12'^*8  C.  the  surface  of  the  liquid  appeared  agitated  as  soon  as  it 
appeared  in  sight,  and  on  increasing  the  pressure,  a  distinct  layer  of 
carbonic  acid  was  formed  on  the  surface  of  the  tetrachloride ;  on  in- 
creasing the  pressure,  a  still  more  distinct  layer  was  formed  which, 
however,  on  standing,  rapidly  commenced  to  dissolve  in  the  tetra- 
chloride, and  in  about  ten  minutes  it  was  perfectly  homogeneous. 

At  21°*4  C.  the  surface  of  the  tetrachloride  appeared  agitated  when 
it  came  in  sight,  a  layer  of  liquid  being  formed  on  increasing  the 
pressure,  as  at  12'^  C. 

At  80"  C.  liquid  was  also  formed,  which,  however,  rapidly  diffused 
into  the  tetrachloride  of  carbon. 

At  40°  C.  the  liquid  also  appeared  agitated,  and  on  increasing  the 
pressure  rapidly,  a  small  quantity  of  fluid  was  condensed,  which,  how- 
ever, rapidly  disappeared  in  the  tetrachloride. 

At  52°  C.  the  liquid  again  became  agitated,  and  on  increasing  the 
pressure,  a  distinct  layer  of  liquid  was  formed. 

The  same  took  place  at  58°  C. 

Liquefaction  of  Carbonic  Acid  and  Chloride  of  Methyl, 

When  chloride  of  methyl  was  compressed  in  a  tube  by  itself,  it 
became  liquid  before  the  pressure  could  be  registered,  and  must  have 
been  below  10  atmospheres.  • 

When  compressed  with  about  twice  its  volume  of  carbonic  acid  at 
13^^ '5  C,  the  chloride  of  methyl,  of  course,  liquefied  first,  and  at  ahout 
"17 '^7  atmospheres,  its  surface  became  agitated,  showing  that  the 
carbonic  acid  had  commenced  to  liquefy,  but  the  exact  point  was 
difficult  to  ascertain,  as  it  dissolved  so  very  rapidly  in  the  chloride  of 
methyl. 

At  20*^*05  C.  this  point  appeared  to  be  at  28*57  atmospheres. 

At  30°  C.  some  liquid  was  also  condensed,  but  the  pressure  at  oom- 
niencement  of  liquefaction  could  not  be  taken,  as  it  mixed  so  rapidlj 
with  the  chloride  of  methyl. 

That  more  liquid  was  in  reality  condensed,  was  seen  faj  the 
length ening  of  the  liquid  column,  and  by  its  boiling  out  of  the 
chloride  of  methyl  when  the  pressure  was  reduced. 

At  40°  C.  exactly  the  same  took  place. 

Carbonic  Acid  aiid  Acetylene, 

About  equal  volumes  of  these  gases  were  compressed  together ;  thoj 
liquefied  and  mixed  completely  at  all  the  temperatures  given  below, 
and  no  appearance  of  two  different  gases  being  liquefied  ooold  be 
detected,  except  that  the  liquid  was  strongly  agitated  daring 
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tion.     The  pressure  at  the  point  of  liquefaction  was,  as  in  the  former 
eases,  lower  than  either  of  the  gases  liquefied  bj  themselves.   Thus  : — 

o 

At  13  '5  C,  the  pressure  was  25  '23  atmospheres. 
21-0  „  „  26-8 


26-8  „  „  34-1 

„  31  -9  „  „  40  -26 

39  „  „  55-3 

41  „  „  75-32 


The  critical  point  was,  on  the  other  hand,  heightened,  being  41°  C. ; 
that  of  carbonic  acid  being  31°  C,  and  of  acetylene,  37°  C. 

Carhom'4i  Add  and  Hydrocfdoric  Acid  Oases, 

A  mixture  of  equal  volumes  of  these  gases  was  filled  into  a  tube, 
the  liquefied  gases  mixed  completely  together  at  all  temperatures 
below  the  critical  point,  which  was  36°  C,  forming  a  perfectly  homo- 
geneous fluid ;  iu  fact,  it  was  impossible  to  tell  that  two  different  gases 
were  present,  as  even  at  the  point  of  liquefaction  no  difference  was 
discernible. 

The  following  are  the  pressures  at  which  the  mixture  liquefied : — 

At    0"0C 360 atmospheres. 

50  „ 390 

8-0  „ 43-8 

101,, 48-2 

18-5  „ 590 

340  „ 830 

35-5,, 900 


Carbonic  Acid  and  Bromine. 

A  tube  filled  with  a  mixture  of  carbonic  acid  and  bromine 
vapour  by  passing  dry  carbonic  acid  through  a  tube  containing  dry 
bromine  before  entering  the  liquefying  tube.  A  little  strong  sul- 
phuric acid  was  also  introduced,  to  protect  the  mercury.  On  com* 
pressing  this  mixture  at  11°'5  C.  the  sulphuric  acid  appeared  in  sight 
with  a  layer  of  liquid  at  50  atmospheres,  the  liquid  having  a  decidedly 
red  colour. 

On  increasing  the  pressure  the  liquid  became  more  highly  coloured, 
while  a  little  pure  bromine  liquid  fell  through  the  liquid  carbonic  acid, 
remaining  a  short  time  on  the  surface  of  the  sulphuric  acid,  through 
which  a  globule  also  sank. 

As  this  tube  was  spoiled  through  the  amount  of  bromine  which  fell 
through  the  sulphuric  acid,  another  was  put  up  in  the  same  way,  and 
heated  at  once  to  about  40"*  C,  before  compreitsing  the  mixtim. 
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On  the  snlphnric  coming  in  sight  a  small  layer  of  bromine  was  seen 
on  the  surface,  which  was  snrmonnted  by  a  layer  of  darkish  red  liqnid, 
abont  ^  inch  long.     The  pressure  was  about  60  atmospheres. 

On  increasing  the  pressure  to  90  atmospheres,  the  upper  liquid 
increased  a  good  deal  in  quantity  and  then  disappeared  entirely,  bat 
immediately  reappeared  on  reducing  the  pressure  a  few  atmospheres, 
and  remained  permanently. 

Carbonic  Acid  and  Camphor. 

Some  small  pieces  of  camphor  were  placed  in  the  capillary  part  of 
an  ordinary  Cailletet  tube,  near  the  end,  and  fused  so  as  to  adhere  to 
the  sides.     The  tube  was  then  filled  with  carbonic  acid  gas. 

On  compressing  this  mixture  in  the  pump  at  12°  C.  the  camphor 
was  seen  to  melt  and  run  down  the  sides  of  the  tube  before  the  mer- 
cury appeared  in  sight  (in  this  experiment  it  was  not  observed  whether 
liquid  carbonic  acid  had  commenced  to  form  in  the  tube  and  thus  dis* 
solve  the  camphor,  or  whether  the  latter  was  dissolved  in  the  gas).  On 
continuing  the  pressure  so  as  to  almost  fill  the  tube  with  liquid,  two 
distinct  layers  of  liquid  were  seen,  the  lower  one  being  slightly 
cloudy,  containing  the  dissolved  camphor," the  upper  liquid  being  per- 
fectly clear.  On  compressing  at  different  temperatures  up  to  55**  0., 
the  lower  cloudy  liquid  was  always  present,  the  upper  layer  diminish- 
ing gradually  in  quantity  as  the  temperature  rose,  but  at  40**  C.  there 
was  still  a  slight  layer  on  increasing  the  pressure  to  about  125  atmo* 
spheres. 

On  withdrawing  -the  pressure  very  suddenly  when  the  tube  was  fnU 
of  liquid  at  50°,  the  sides  of  the  tube  became  coated  with  crystallised 
camphor,  which  rapidly  dissolved  again  on  increasing  the  pressure. 
After  doing  this  several  times,  a  very  small  quantity  of  camphor 
seen  to  crystallise  out,  and  in  taking  down  the  tube,  the  most  of  it 
found  to  have  crystallised  out  in  the  top  part  of  the  reservoir  near  the 
joining  with  the  capillary  part,  thus  allowing  the  mercury  to  get  past 
it  on  again  increasing  the  pressure. 

•  ■ 

Carbonic  Acid  and  Camphor  (second  tube). 

Another  tube  was  filled  in  the  same  way  as  the  last  (a  rather  larger 
quantity  of  camphor  heing  placed  in  the  capillary  part),  with  this 
exception,  that  the  carbonic  acid,  after  being  dried,  was  passed  through 
a  tube,  containing  fragment^i  of  solid  camphor,  which  were  genUj 
heated,  so  as  to  fill  the  tube  with  carbonic  acid  gas,  saturated  with  tiw 
vapour  of  camphor. 

When  this  tube  was  compressed  in  the  pump  at  a  temperature  d 
15*^  C,  and  when  the  pressure  reached  27'7  atmospheres,  the  camphor 
was  seen  to  gradually  melt  and  run  down  the  sides  of  the  tabes  befam 
the  mercury  appeared  in  sight. 


.;J 
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On  increasing  the  pressure  to  37*0  atmospheres,  the  mercnrj  appeared 
in  sight  with  abont  three-quarters  of  an  inch  of  a  turbid  liquid  on  the 
surface.  On  still  further  increasing  the  pressure,  two  distinct  layers 
of  fluid  were  formed,  which,  however,  became  quite  homogeneous 
after  a  short  time.  On  mixing  them  up  by  a  rapid  decrease  and  in- 
crease of  pressure,  the  two  fluids  soon  mix.  At  28^  C,  two  layers  of 
liquid  were  distinctly  visible  at  C5  atmospheres,  the  lower  layer  being 
visible  as  soon  as  the  mercury  appeared  in  sight. 

At  35^  C.  fluid  was  condensed  on  the  surface  of  the  lower  liquid  at 
80  atmospheres,  but  when  the  pressure  was  increased  to  100  atmo- 
spheres, the  surface  of  the  carbonic  acid  became  undefined. 

At  45**  C.  fluid  is  seen  to  condense  on  the  sides  of  the  tube  at  a 
pressure  of  100  atmospheres,  running  down  and  forming  a  slight  layer 
on  the  surface  of  the  camphor  liquor,  which,  however^  disappears  on 
still  further  increasing  the  pressure. 

When  the  temperature  was  42*  5  and  the  pressure  was  suddenly  re- 
duced, the  inside  of  the  tube  became  covered  with  crystals  of  camphor. 
On  now  increasing  the  pressure  very  carefully,  the  camphor  was  seen 
to  melt  or  liquefy  and  run  down  the  sides  of  the  tube  at  a  pressure  of 
37  6  atmospheres,  and  this  pressure  scarcely  increased  at  all  until  all 
the  camphor  was  thus  liquefied. 

A  diminution  of  the  pressure  by  two  or  three  atmospheres  was  suffi- 
cient to  bring  out  the  crystals  of  camphor. 

At  Go''  C.  the  lower  layer  of  liquid  still  remained,  and  on  increasing 
the  pressure  to  100  atmospheres  there  was  an  appearance  of  liquefaction 
of  carbonic  acid  on  the  surface. 

Carbonic  Acid,  Air,  ajul  Camphor  (third  tube),  * 

A  quantity  of  camphor  was  placed  in  the  capillary  part  of  a  tube  M 
before,  which  was  afterwards  filled  with  a  mixture  of  four  volumes  of 
carbonic  acid,  saturated  with  camphor  vapour,  and  one  volume  of  air. 

The  tube  was  surrounded  with  water  at  25°  C,  so  as  to  be  far  above 
the  critical  point  of  the  carbonic  acid  and  air  mixture,  and  on  now 
increasing  the  pressure  the  camphor  liquefied  and  ran  down  the  sides 
of  the  tube  as  before.  At  50°  C.  a  quantity  of  liquid,  about  ^  inch 
long,  appeared  on  the  surface  of  the  mercury  when  it  came  in  sight, 
the  pressure  being  now  65  atmospheres. 

On  leaving  the  pressure  the  same,  the  mercury  being  just  in  sight, 
and  increasing  the  temperature  gradually  to  60*  C,  the  inside  of  the 
tube  above  the  liquid  became  covered  with  camphor  crystals,  which  on 
increasing  the  pressure  another  five  atmospheres  (viz.,  to  70  atmo- 
spheres) again  dissolves. 

At  05°  C,  the  pressure  standing  at  70  atmospheres  and  the  mercnrj 
and  liquid  being  in  sight,  on  reducing  the  pressure  to  65  atmospheres, 
the  camphor  cr^'stals  separated  out,  being  again  suddenly  dissolved  on 
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again  increasing  the  pressure  to  73  atmospheres.  On  now  rapidly 
letting  clown  the  temperature  to  lt>'^  C.  a  white  mass  of  camphor  sepa* 
rated  out  from  the  liquid,  which  again  dissolved  on  a  slight  increase  of 
pressure,  although  it  could  not  be  again  separated  oat  by  diminishing 
it.  These  actions  may  he  due,  in  paH,  to  supersaturation  and  the 
effect  of  pressure  in  aiding  solubility  when  contraction  takes  place 
during  solution. 

These  experiments  show  that  carbonic  acid  at  high  pressures  in 
presence  of  various  substances  acts  as  if  it  produced  a  series  of  an- 
stable  chemical  compounds,  which  are  decomposed  and  reoomposed 
according  to  the  conditions  of  temperature  and  pressure  in  the 
medium.  Further  observations  are  required  to  elucidate  many  obscure 
actions  taking  place  under  such  conditions  of  experimenting  as  are 
detailed  in  the  above  communication. 


IV.  **  The  Alumiuium-Iocline  Reaction."  By  J.  H.  GLADSTONE, 
Ph.D.,  F.R.S.,  and  Alfred  Tribe,  F.C.S.,  Lecturer  on 
Chemistry  in  Duhvich  College.     Received  June  10,  1880. 

About  four  years  ago  we  pointed  out  a  reaction  of  iodide  of  alumi- 
nium which,  as  far  as  we  are  aware,  has  no  precise  analogue  in  the 
science  of  chemistry,  and  which  has  led  to  the  discovery  of  several 
volatile  aluminium  alcohols.  It  is  well  known  that  neither  water, 
alcohol,  nor  ether  is  decomposed  by  metallic  aluminium,  and  that  each 
of  these  bodies  will  dissolve  iodine  without  entering  further  into  com- 
bination with  it ;  but  we  found  that  by  the  joint  action  of  these  two 
elements,  it  was  possible  to  split  up  the  above-mentioned  liquids. 
Water,  though  forming  a  definite  hydrate  with  the  iodide  of  alumi- 
nium, is  decomposed  by  it  in  the  presence  of  an  excess  of  the  metal, 
hydrogen  being  evolved  and  aluminic  hydrate  formed.  This  takes 
place  at  the  ordinary  temperature. 

Alcohol  in  a  similar  manner  is  decomposed  by  the  joiut  action  off 
metallic  aluminium  and  its  iodide,  with  the  ultimate  production  of 
hydrogen  gas,  aluminic  ethylate,  and  varying  amounts  of  aluminic 
iodocthylato  proportional  to  the  quantity  of  aluminic  iodide  employed. 
A  small  quantity  of  the  iodide  suffices  to  bring  about  the  formation  off 
a  very  large  amount  of  the  ethylate  ;  in  fact,  the  process  would  be  a 
continuous  one,  wero  it  not  that  the  solid  products  gradually  pnt  a 
stop  to  the  reaction. 

Ether  is  not  affected  hy  aluminic  iodide  and  aluminium,  but  when 
cxi)osed  to  iodine  and  aluminium  simultaneously  it  suffers  a  violent 
decom[)Osition,  iodide  of  ethyl  and  the  aluminic  iodoethylate  being 
the  ultimate  products. 

Amylic  ether  behaves  in  a  similar  manner,  and  the  acetates  off  atliyl 
and  amyl  give  analogous  results  ;  but  the  reaction  is  not  an  oidinaiy 
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doable  decomposition,  for  it  does  not  take  place  when  ready-fonned 
iodide  of  aluminiam  is  employed. 

The  several  changes  thus  described  are  typical  of  our  "  alnmininm- 
iodine  reaction."  The  reaction  is  quite  distinct  from  that  which  has 
lately  g^vcn  beautifnl  results  in  the  hands  of  Friedel ;  and  we  have 
investigated  its  applicability  both  for  the  production  of  new  com- 
pounds, and  for  distinguishing  between  different  classes  of  organic 
bodies,  as  well  as  for  throwing  light  on  their  comparative  constitution. 

Neither  zinc  nor  iron,  nor,  as  far  as  we  know,  any  other  metal  can 
be  substituted  for  aluminium  in  this  reaction ;  but  the  chloride  or 
bromide  may  be  used  instead  of  the  iodide,  though  with  less  advantage. 

Recent  liesults. 

For  decomposing  an  alcohol  a  small  quantity  of  iodine  is  dissolved 
in  it,  the  necessary  excess  of  aluminium  is  added,  and  the  mixture  is 
heated.  Evolution  of  hydrogen  gas  begins  immediately,  and  proceeds 
somewhat  rapidly  until  the  whole  of  the  metal  has  passed  into  com- 
bination. In  this  way  the  aluminium  derivatives  of  the  following 
alcohols  have  been  prepared : — Ethylic,  normal  propylic,  iso-butylic, 
amylic,  benzylic,  phenylic,  cresylic,  and  thymolic.  The  first  four  of 
these  aluminium  derivatives  may  be  distilled  in  vacuo,  and  they  have 
thus  been  separated  from  the  other  solid  products  of  the  reaction,  and 
obtained  in  a  pure  condition.  The  other  aluminio  alcohols  cannot  be 
distilled,  at  any  rate  not  without  very  considerable  decomposition.  The 
following  alcohols,  however,  behaved  in  a  different  way  with  the 
reagent : — 

Methyl  alcohol  is  not  decomposed  by  aluminic  iodide  and  aluminium, 
but  in  presence  of  free  iodine  it  parts  slowly  with  hydrogen,  and  the 
same  happens  when  an  aluminium-platinum  couple  is  substituted  for 
the  metallic  aluminium. 

Iso-propyl  alcohol. — This  is  not  acted  upon  in  the  least  by  the 
reagents. 

Cetyl  alcoJioL — On  heating  this  compound  with  the  reagent,  hydro- 
gen is  slowly  set  free,  until  the  temperature  reaches  about  200^  C, 
when  another  chemical  change  is  set  up,  resulting  in  the  formation  of 
cetyl  iodide  and  aluminic  hydrate. 

Allylic  alcohol. — The  first  action  is  identical  in  character  with  that 
which  takes  place  with  the  alcohols  of  the  CmH^^^OH  series.  Instead, 
however,  of  the  whole  of  the  liberated  hydrogen  escaping,  about 
80  per  cent,  of  it  acts  upon  the  excess  of  alcohol,  splitting  it  up  into 
propylene  and  water. 

Ethetie  alcohol. — The  reagent  does  not  liberate  hydrogen  from  this 
substance,  and  has  but  a  very  slight  action  upon  it. 

Propenyl  alcohol. — No  hydrogen  is  evolved,  but  a  double  decomposi- 
tion ensues  at  about  I^O''  C,  yielding  allyl  iodide,  free  iodine,  and 
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alamininm  hydrate  ;  if  alaminium  be  in  excess,  alnminic  hydrate  and 
allylic  iodide  are  the  sole  prodncte. 

Aldehyde. — Hydrogen  is  not  set  free  from  this  compound. 

The  general  resalt,  then,  of  these  observations  is  that  the  reagent 
snbstitntes  aluminium  for  the  basic  hydrogen  of  water,  and  of  all  the 
alcohols  hitherto  tried,  whether  of  the  methyl,  allyl,  benzyl,  or  phenyl 
series,  with  the  remarkable  exception  of  isopropyl  alcohol.  On  the 
other  hand,  it  does  not  substitute  aluminium  for  hydrogen  in  the 
dihydric  or  trihydric  alcohols,  nor  yet  with  aldehyde.  The  reaction 
with  the  ethers  and  glycerine  is  of  a  different  character,  as,  in  addition 
to  an  aluminium  compound,  the  iodides  of  the  positive  radicals  are 
formed. 

Oeneral  Properties  of  the  Aluminium  AlcohoU, 

The  aluminium  alcohols  are  solid  at  the  ordinary  temperature,  and 
fuse  generally  into  clear  liquids.  They  possess,  in  a  marked  degree. 
the  property  of  remaining  fluid  far  below  their  melting  points.  Those 
of  the  methyl  series  distil  unchanged  at  reduced  pressures,  sffording 
the  first  organic  compounds  which  contain  both  oxygen  and  a  metal 
and  are  capable  of  distillation.  They  are  soluble  more  or  less  in 
ether,  alcohol,  and  benzol,  but  are  decomposed  by  water  with  the 
formation  of  aluminium  hydrate  and  the  alcohols. 

They  were  found  to  have  the  following  specific  gravities  at  4°  C. : — 

Ethylate 1147  Phenylate 1-25 

Propylate   1026  Cresylate 1-166 

Butylate 0*982  Thymolate 104 

Amylate 0980 

Action  of  heat. — All  these  alcohols  are  decomposed  at  a  temperature 
somewhere  about  their  boiling  poinis,  and  it  became  an  interesting 
subject  of  inquiry  whether  they  were  resolved  into  alumina,  and  the 
alcohol  and  its  define,  or  into  alumina  and  the  ether.  Both  these 
actions  seem  to  take  place.  Thus  aluminic  ethylate  appears  to  be 
decomposed  by  heat  in  both  ways,  but  mainly  according  to  the  following 
scheme : — 

(CaHsO)^  Al2= AljOg + 3CaH^+ SC^HeO. 

Aluminic  phenylate  on  the  other  hand  is  capable  of  decompoaitioii 

mainly  in  the  following  way  : — 

It  must  not  however  be  supposed  that  these  decompositions  taike 
place  without  other  reactions.     Some  of  the  bodies  thus  produced 
new  ones,  and  we  are  at  present  engaged  in  their  investigation. 

The  most  interesting  decomposition  is  that  of  the  thymolate. 
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heated  it  splits  up  into  alumina,  propylene,  and  bodies  of  tlie  cresjlio 
fl^roup.  One  of  these  is  a  solid  body,  which  when  resublimed  or 
crystallised  from  alcohol  presents  itself  in  most  beautiful  pearly  plates. 
Its  properties  resemble  rather  those  of  an  ether,  and  concordant  analyses 
of  different  specimens  and  determinations  of  vaponr  density  give  the 
anomalous  molecular  formula  C^^HijO,  but  its  real  constitution  is  still 
the  subject  of  inquiry. 

Theory  of  React  ion. 

The  reaction  by  which  the  compounds  described  above  are  formed 
is  by  no  means  clear  at  first  sight.  It  is  difficult  to  imagine  that  the 
presence  of  a  haloid  salt  should  determine  the  direct  replacement  of 
hydrogen  by  aluminium  in  water  or  in  alcohol.  We  believe  however 
that  the  presence  of  hydriodic  acid  in  the  reaction  with  the  aromatic 
alcohols  furnishes  the  true  key  to  the  chemical  change.  The  first 
action  is  in  all  probability  that  of  a  reciprocal  decomposition  between 
two  binary  compounds — the  alcohol  and  aluminium  iodide — formitig  a 
certain  proportion  of  aluminium  alcohol  and  hydriodic  acid.  But  the 
metallic  aluminium  present  at  the  same  time  decomposes  the  hydracid 
with  evolution  of  hydrogen  and  the  production  of  more  aluminium 
iodide,  which  brings  about  a  further  redistribution  of  the  elements 
and  the  formation  of  more  of  the  aluminium  alcohol  and  the  hydriodic 
acid,  and  so  on  till  the  chemical  change  is  complete.  The  following 
equations  express  these  changes,  which  take  place  alternately  or  rather 
continuously : —  • 

(1)  6(C,H2«^O.H)-fAUe=Al^(C,Hj..70)e-|-CHL 

(2)  6HI-|-Al^=Al<,Ie  +  6H. 

It  is  evident  ihat  as  the  iodine  does  not  enter  into  the  final  products 
a  very  small  quantity  of  it  is  sufficient  to  carry  on  the  continuous 
chemical  change. 

There  can  be  little  doubt  that  the  same  reactions  occur  in  the  case  of 
the  alcohols  of  the  CrH^^|O.H  series,  but  the  amount  of  hydriodic  acid 
formed  in  the  reciprocal  decomposition  is  perhaps  very  small,  and  the 
tenacity  with  which  it  is  held  by  the  alcohol  has  made  it  impossible 
for  us  to  prove  its  separate  existence.  The  same  remark  applies  also 
to  water,  which  we  believe  to  act  in  the  same  way.  Indeed  we  know 
from  the  experiments  of  Roscoe  that  there  would  be  no  chance  of 
separating  minute  quantities  of  acid  from  an  aqueous  solution  under 
the  circumstances. 

The  part  which  the  free  elements  take  in  the  decomposition  of  the 
others  is  doubtless  analogous  to  that  which  the  combined  elements 
play  in  the  action  with  water  and  alcohol.  The  reason  why  the  free 
elements  do,  and  aluminic  iodide  does  not  attack  the  ethers,  is  probably 
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owing  to  the  available  energy  being  greater  in  the  former  than  in  the 
latter  case. 

In  conclusion,  we  would  commend  this  aluminium-iodine  reaction 
to  the  consideration  of  other  chemists,  who  may  be  investigating 
organic  compounds  containing  oxygen. 


V.  Preliminary  Note  on  the  Ossification  of  the  Terminal  Pha- 
langes of  the  Digits."  By  E.  A.  ScHAFER,  F.R.S.,  and  F. 
A.  DiXEY,  B.A.    Received  June  3,  1880. 

The  diaphyses  of  the  ungual  phalanges  of  the  digits  offer  an  excep- 
tion to  the  usual  mode  of  ossification  of  diaphysial  bones  (including 
the  other  phalanges)  in  the  fact  that  the  calcification  of  the  cartilage 
and  its  attendant  changes  begins  at  the  tip  and  not  in  the  centre 
of  the  diaphysis.  The  subperiosteal  intramembranous  ossification  also 
commences  at  the  same  point — the  tip,  namely,  of  the  cartilage — as  a 
cap-like  expansion  over  the  end  of  the  cartilage.  The  irruption  of  the 
osteoblastic  subperiosteal  tissue  also  first  occurs  here,  so  that  this  part 
seems  to  correspond  morphologically  with  the  centre  of  the  shaft  of 
other  long  bones.  The  expanded  portion  of  the  phalanx  which  bean 
the  nail,  claw,  or  hoof,  is  entirely  formed  by  an  outgrowth  of  the  sub- 
periosteal bone,  and  is  not  preceded  by  cartilage. 

A  detailed  account  of  the  mode  of  ossification  of  these  phalanges 
will  be  shortly  published. 


VI.  **  Ou  the  Organisation  of  the  Fossil  Plants  of  the  Coal- 
measures.  Part  XL"  By  W.  C.  Williamson,  F.R.S.,  Pro- 
fessor of  Botany  in  the  Owens  College,  Manchester.  Re- 
ceived June  3,  1880. 

(Abstract.) 

M.  Renault  has  recently  published  a  memoir,  in  which  he  repro- 
duces the  views  of  M.  Brongniart  respecting  the  relations  which  tlie 
Lcpidodcndra  bear  to  the  SigillariaB,  still  insisting  that  the  former  are 
cryptogamic  Lycopods,  whilst  the  latter  are  exogenous  QTmnoBpemia. 
In  endeavouring  to  establish  this  position,  the  French  palBO-botaniat 
concludes  that  if  the  exogenous  Diploxyloid  stems  (t.6.,  Sigillarian 
ones)  are  but  matured  states  of  some  Lepidodendra,  eveiy  Sigillarian 
type  of  organisation  ought  to  be  found  in  a  young  or  Lepidodendroid 
form,  because,  he  contends,  the  type  of  the  central  organisationa  onoe 
established,  undergoes  no  further  cliange  with  advancing  age.  la' 
support  of  his  position,  he  affirms  that  there  are  three  such  SigiUarian 


1880.]  The  Aluminium'Todine  Reaction.  549 

heated  it  splits  np  into  alumina,  propylene,  and  bodies  of  tlie  cresjlio 
fj^ronp.  One  of  these  is  a  solid  bodj,  which  when  resnblimed  or 
crystallised  from  alcohol  presents  itself  in  most  beautiful  pearly  plates. 
Its  properties  resemble  rather  those  of  an  ether,  and  concordant  analyses 
of  different  specimens  and  determinations  of  vapour  density  give  the 
anomalous  molecular  formula  C^^HijO,  but  its  real  constitution  is  still 
the  subject  of  inquiry. 

Theory  of  React  ion. 

The  reaction  by  which  the  compounds  described  above  are  formed 
is  by  no  means  clear  at  first  sight.  It  is  difficult  to  imagine  that  the 
presence  of  a  haloid  salt  should  determine  the  direct  replacement  of 
hydrogen  by  aluminium  in  water  or  in  alcohol.  We  believe  however 
that  the  presence  of  hydriodic  acid  in  the  reaction  with  the  aromatic 
alcohols  furnishes  the  true  key  to  the  chemical  change.  The  first 
action  is  in  all  probability  that  of  a  reciprocal  decomposition  between 
two  binary  compounds — the  alcohol  and  aluminium  iodide — formitig  a 
certain  proportion  of  aluminium  alcohol  and  hydriodic  acid.  But  the 
metallic  aluminium  present  at  the  same  time  decomposes  the  hydracid 
with  evolution  of  hydrogen  and  the  production  of  more  aluminium 
iodide,  which  brings  about  a  further  redistribution  of  the  elements 
and  the  formation  of  more  of  the  aluminium  alcohol  and  the  hydriodic 
acid,  and  so  on  till  the  chemical  change  is  complete.  The  following 
equations  express  these  changes,  which  take  place  alternately  or  rather 
continuously : —  • 

(1)  6(C,H3._70.H)-fAl,Ie=Al^(C,Hj..70)e-|-CHL 

(2)  6HI-I-  Al,= Al  J<,  +  6H. 

It  is  evident  ihat  as  the  iodine  does  not  enter  into  the  final  products 
a  very  small  quantity  of  it  is  sufficient  to  carry  on  the  continuous 
chemical  change. 

There  can  be  little  doubt  that  the  same  reactions  occur  in  the  case  of 
the  alcohols  of  the  CrH^«^|O.H  series,  but  the  amount  of  hydriodic  acid 
formed  in  the  reciprocal  decomposition  is  perhaps  very  small,  and  the 
tenacity  with  which  it  is  held  by  the  alcohol  has  made  it  impossible 
for  us  to  prove  its  separate  existence.  The  same  remark  applies  also 
to  water,  which  we  believe  to  act  in  the  same  way.  Indeed  we  know 
from  the  experiments  of  Roscoe  that  there  would  be  no  chance  of 
separating  minute  quantities  of  acid  from  an  aqueous  solution  under 
the  circumstances. 

The  part  which  the  free  elements  take  in  the  decomposition  of  the 
others  is  doubtless  analogous  to  that  which  the  combined  elements 
play  in  the  action  with  water  and  alcohol.  The  reason  why  the  free 
elements  do,  and  aluminic  iodide  does  not  attack  the  ethers,  is  probably 
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being  destined  for  each  bitinch.  One  of  these  halves  of  the  yascalo- 
medullary  axis  displays,  with  the  utmost  distinctness,  the  characteristic 
cresceutic  commencement  of  an  exogenous  zone,  whilst  the  other  half 
i*etains  its  primary  non-exogenous  state.  The  latter  condition  thos 
belongs  to  the  Lepidodendron  vasculare  of  Binney,  whilst  the  former 
as  clearly  repi*esents  the  Sigillaria  vascularis  of  the  same  author,  and 
the  Sigillarian  character  of  which  is  recognised  by  M.  Renault.  We 
thus  have  in  one  stem  two  branches,  one  of  which,  according  to  the 
views  of  the  French  savant,  is  a  Cryptogamic  Lycopod,  and  the  other  a 
Gymnospermous  Sigillaria.  The  remarkable  peculiarities  characterising 
the  central  axis  of  these  specimens  makes  it  absolutely  certain  that 
they  all  belong  to  one  species  of  plant. 

The  typical  Lepidodendron  Harcourtii  is  then  examined  in  a  similar 
manner.  In  the  details  of  its  organisation  it  differs  materiallj  from 
L.  Selaginoides,  nevertheless  as  its  growth  progresses  it  displays  typi- 
cally similar  clianges.  It  attains  to  much  larger  dimensions  than  the 
latter  plant  docs  before  developing  its  exogenous  zone,  corresponding 
in  this  respect  with  tbe  Arran  plant.  Its  earlier  changes  are  chiefly 
seen  in  th(i  rapid  development  of  the  bast  or  prosenchymatous  layer  of 
the  outer  bark  and  in  the  increase  in  the  size  and  number  of  the  vessels 
constituting  its  vasculo-medullary  cylinder  or  medullary  sheath — the 
'^  etui  medtiUaire^*  of  Brongniart;  but  in  more  advanced  specimens  a 
cylindrical  zone  of  centrifugally  developed  vascular  wedges  begins  to 
make  its  appearance  in  a  quasi-cambian  zone  of  the  cells  of  the  inner 
bark,  these  cells  being  arranged  in  more  or  less  regular  radiating  lines. 
In  this  state  the  rudimentary  vascular  zone  corresponds  very  closely  to 
what  is  seen  in  young  stems  and  roots  of  some  Cycads. 

The  author  shows  that,  contrary  to  the  views  of  M.  Benaolt,  very 
marked  changes  take  place  in  the  development  of  the  vascular  bundlM 
destined  for  the  secondary  branches  of  the  plant.  In  the  first  instance, 
each  of  these  is  but  a  concavo-convex  segment  of  the  entire  vasciilo* 
medullary  cylinder,  whose  detachment  leaves  a  large  gap  in  the  con* 
tinuity  of  that  cylinder,  which,  however,  soon  becomes  closed  again  by 
the  convergence  of  the  disconnected  ends  of  the  broken  vaacolw 
circle.  The  concavo-convex,  detached  segment  undergoes  a  similar 
change.  Its  two  extremities  meet,  and  before  it  escapes  from  the 
outermost  bark,  it  has  assumed  the  cylindrical  form  of  its  parent  stem. 

The  rootlets  of  Stigmaria  ficoides,  now  well  known  to  belong  ifcliV^ 
to  Lepidodendron  aud  to  Sigillaria,  present  some  peculiarities  of 
structure  which  are  only  found  in  the  Lycopodiaceao  and  the  Ophio- 
glosso;,  amongst  living  plants. 

The  vascular  bundle  in  the  interior  of  each  Stigmarian  rootlet  is 
enclosed  within  a  very  regularly  circular  cylinder,  composed  of  ihe 
colls  of  the  innermost  bark ;  but  the  position  of  the  handle  in  relatiim 
to  the  cylinder  is  always,  unless  accidentally  disturbed,  an 
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types,  viz.,  Sigillaria  vascnlaris ;  2.  Diploxjloid  stems ;  8.  Favularia 
and  Leiodermaria.  At  prc8ent  he  contends  that  only  the  second  of  these 
forms  has  been  discovered  in  Lepidodendron  Harconrtii.  He  further 
believes  that  there  are  three  types  of  Lepidodendron  known,  repre- 
sented by — 1.  L.  Bhodomense,  with  a  solid  central  vascular  axis,  in 
which  the  vessels  are  Dot  intermingled  with  medullary  cells ;  2.  by  L. 
Harcourtii,  in  which  the  vascular  axis  is  a  cylinder  surrounding  a 
cellular  medulla;  and,  3.  An  undescribed  plant,  which  he  names 
L.  Jutieri,  in  which  the  vascular  cylinder  is  broken  up  into  detached 
bundles  of  vessels. 

The  author  of  the  present  paper  considers  that  the  above  conclusions 
are  not  in  accordance  with  the  facts,  and  he  proceeds  to  g^ve  his 
reasons  for  this  conclusion  by  demonstrating  that  we  certainly  have 
two  of  the  three  supposed  Sigillarian  types  represented  in  a  young  or 
Lepidodendroid  state — the  first  by  Lepidodendron  vasculare  of  Binney, 
and  the  second  by  L.  Harcourtii,  whilst,  judging  from  M.  Renault's 
own  description,  the  L.  Jutieri  represents  the  third  type.  On  tho 
other  hand,  the  author  believes  that  of  M.  Renault's  three  Lepidoden- 
droid types  the  first  is  only  a  young  state  of  the  second,  as  illustrated 
by  the  development  of  the  Burntisland  and  Arran  Lepidodendra 
described  in  previous  memoirs,  whilst  the  able  Frenchman  appears  not 
to  have  been  acquainted  with  the  existence  of  the  very  characteristic 
type  of  the  L.  vasculare  of  Binney. 

The  author  gives  the  series  of  facts  upon  which  his  opinions  are 
based  by  tracing  the  history  of  the  development,  first,  of  Lepidodendron 
Selaginoides,  the  L.  vasculare  of  Binney,  and,  second,  of  L.  Harcourtii. 

Commencing  with  the  declaration  that  the  Lepidodendron  vasculare 
of  Mr.  Binney  is  but  the  young  state  of  the  Sigillaria  vascularifi  of 
the  same  author,  he  pix)ceeds  to  show  the  successive  stages  by  which 
the  vasculo-cellular  medullary  axis  of  the  former  becomes  not  only 
enclosed  within  the  exogenous  cylinder  of  the  latter,  but  that  this 
cylinder  ultimately  develops  into  a  very  conspicuous  example  of  ibo 
Diploxyloid  form  of  stem.  The  growth  of  the  exogenous  cyUnder 
begins  at  one  point  of  the  periphery  of  the  vasculo-medullary  aziji, 
from  which  point  it  extends  both  laterally  and  radially.  The  exogenona 
growth  thus  first  appears  in  the  transverse  section  of  the  Lepidoden- 
droid twig  as  a  small  crescent,  thickest  at  its  centre,  but  whose  two 
horns  creep  gradually  round  the  medullary  axis,  its  constituent  rae- 
cular  wedges  also  growing  radially  as  the  lateral  growth  advances, 
until  at  length  the  exogenous  zone  forms  a  complete  ring,  enclosing 
the  vasculo-medullary  axis,  in  which  state  it  becomes  the  Sigillaria 
vascularis  of  Mr.  Binney  and  M.  Renault.  The  various  stages  of  this 
growth  are  represented  in  the  plates,  in  addition  to  which  a  section  is 
described  and  figured  of  a  branch  about  to  dichotomise,  in  which  pro- 
cess the  vasculo-medullary  axis  has  divided  into  two  eqaal  halves,  one 
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The  recently  discovered  fungi  of  the  Coal-measures  are  inyestig^ated, 
especially  the  Pemosporites  antiquiomm  of  Mr.  Worthington  Smith. 
The  anthor  finds,  in  the  specimens  he  has  examined,  inclading  that 
described  by  Mr.  Smith,  no  traces  of  septa  in  the  hyphas  or  of 
Zoospores  in  the  Oogonia.  He  concludes  that  its  affinities  are  pro- 
bably with  the  Saprolognio),  and  not  with  the  PemosporeaB. 


VII.  ''  Note  on  the  Diflcovery  of  a  Fresh  Water  Medusa  of  the 
Order  Trachomediisae."  By  E.  Ray  Lankester,  F.R.S. 
Received  June  15,  1880. 


Publication  deferred.] 
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one.  This  position  has  not  escaped  notice,  but  it  was  regarded  as 
accidental,  but  it  now  proves  to  be  a  normal  one.  The  bundle  begins 
to  appear  in  verj  young  roots,  as  one  or  two  very  small  vessels 
developed  in  close  union  with  the  innermost  cells  of  one  side  of  the 
cylinder  within  which  it  is  located ;  newer  and  larger  vessels  are 
gradually  added  centripetal ly,  until  the  bundle  occupies  a  considerable 
portion  of  the  area  enclosed  by  the  inner  bark  cylinder.  The  re- 
maining space  is  usually  empty,  but  occasionally  specimens  are  found 
in  which  it  is  filled  with  small  delicate  cells  that  have  escaped  destruc- 
tion. These  represent  what  in  the  living  Lycopods  are  liber-cells. 
The  outer  cortical  layer  of  the  root,  composed  of  well  preserved 
and  rather  thick  walleil  cells,  is  usually  separated  from  the  inner 
cylinder  by  a  similar  lacuna ;  but  in  a  few  specimens  the  cells  of  this 
usually  destroyed  middle  bark  are  retained  in  good  preservation. 
They  consist  of  very  delicate  thin-walled  parenchyma,  separated  by  a 
sharp  line  of  demarcation  equally  from  the  innermost  and  outermost 
cortical  cylinders.  The  number  of  the  vessels  in  each  of  the  vascular 
bundles  given  off  from  any  one  section  of  a  Stigmarian  root  is  found  to 
vary  but  little,  but  they  steadily  increase,  lx)th  in  number  and  size, 
with  the  size  and  age  of  the  root.  Young  specimens  of  Stigmarian 
roots  are  described,  the  smallest  of  which  is  not  more  than  one-fifth  of 
an  inch  in  diameter,  and  the  vascular  bundles  of  its  small  rootlets 
consists  each  of  from  three  to  five  minute  vessels.  In  the  largest 
rootlets  from  old  roots  they  number  about  forty,  most  of  the  additional 
ones  being  of  larger  size ;  intermediate  examples  exhibit  a  rog^l  ar 
gradation  on  all  these  points. 

The  only  living  plants  which  possess  rootlets  with  this  stractore 
being  Lycopodiaceo)  and  Ophioglosso),  and  it  being  sufiiciently  clear 
that  the  Lepidodendra  belong  to  the  former  and  not  to  the  latter 
order  of  Cryptogams,  the  existence  of  this  Lycopodiaceoos  feature  in 
the  rootlets  of  Sigillaria  is  another  indication  of  the  Lycopodiaoeons 
affinities  of  these  plants. 

Many  of  the  Diploxyloid  forms  of  the  Lyco{>odiaceous  stems  of  the 
Coal-measures  Iiave  an  abundant  development  of  spiral  or  barred  cells 
in  their  numerous  medullary  rays.  Among  living  plants  this 
characteristic  seems  to  be  almost,  if  not  wholly,  confined  to  the  Oym- 
iiospemis. 

Two  important  additional  observations  have  been  made  in  reference 
to  the  structure  of  the  curious  Strobilus,  Calamostachys  Binneyana. 
The  exact  mode  of  the  attachment  of  its  sporangia  to  the  Equiseti- 
form  8]M)ningiophores  has  been  ascertained  ;  but  what  is  still  more 
important,  it  luis  also  been  discovered  that  it  is  provided  with  both 
micro-  and  macro-spores — an  additional  indication  of  its  probable 
Lycopodiaceous  affinities,  already  suggested  by  other  features  of  the 
fruit. 
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VIII.  **  Agricultural,  botanical,  and  Chemical  Results  of  Experi- 
ments on  the  Mixed  Herbage  of  Permanent  Meadow,  con- 
ducted for  more  than  Twenty  Years  ifi  Succession  on  the 
K{une  Ijand.  Part  II.  The  Botanical  Results.*'  By  J.  B. 
La\ves,  LL.D.,  F.R.S.,  F.C.S..  J.  H.  Gilbert,  PI1.D.,  F.RS^ 
F.C.S.,  F.L.S.,  and  M.  T.  Masters.  M.D.,  F.R.S.,  F.L.S. 
Itcceived  Juni^  17,  1880. 

(Abstnict.) 

Pa rt  1 1 . — Th'  Bofanica  I  liesu Ih. 

Ill  Part  I  (-  Phil.  Trans./'  Part  1, 1880),  under  the  title  of  the  "  Agri^ 
cultural  It^'nults^'"  a  general  description  of  the  experiments,  with  fall 
particiiliirs  of  the  conditions  of  manuring  of  each  of  the  move  thaa 
twenty  plot.s,  was  given.  The  effects  of  each  condition  of  maaaiixi^ 
on  the  character  of  growth  of  the  herbage,  as  illustrated  in  the  qoanti- 
tics  of  ]>rocluce  yielded,  and  in  the  amounts  of  nitrogen  and  of  minenl 
matter  taken  up.  on  cacli  plot,  were  also  fully  considered.  Bat^  ao 
varied  were  the  components  of  the  mixed  herbage,  both  as  to  the  speoiM 
gro^^-n,  and  as  to  the  character  of  development  of  the  {dintSi  that^  to 
render  the  *'  AtjriruHural  results  '*  suflicicntly  intelligible,  and  to prarent 
niisconct^Ytion,  if  the  element  of  quantity  only  were  taken  intoaooovDt^ 


1880.]  On  the  Discover jf  of  a  Fresh  Water  Medusa.  555 


550  Prof.  W.  C.  Williamson.     On  the  [June  17, 

owing  to  the  available  energy  bein^  greater  in  the  former  than  in  the 
latter  case. 

In  conclasion,  we  wonld  commend  this  alnmininm-iodine  reaction 
to  the  consideratiou  of  other  chemists,  who  may  be  inyestig^tiu|f 
organic  compounds  containing  oxygen. 


V.  Preliminary  Note  ou  the  OsBification  of  the  Terminal  Pha^ 
langes  of  the  Di^ts."  By  E.  A.  ScHAFER,  F.R.S.,  and  F. 
A.  DiXEY,  B.A.    Received  Jmie  3,  1880. 

The  diaphysos  of  the  ungual  phalanges  of  the  digits  offer  an  excep- 
tion to  the  usual  mode  of  ossification  of  diaphysial  bones  (including 
the  other  phalanges)  in  the  fact  that  the  calcification  of  the  cartilage 
and  its  attendant  changes  begins  at  the  tip  and  not  in  the  centre 
of  the  diaphysis.  The  subperiosteal  intramembranons  ossification  also 
commences  at  the  same  point — the  tip,  namely,  of  the  cartilage — as  a 
cap-like  expansion  over  the  end  of  the  cartilage.  The  irmption  of  the 
osteoblastic  subperiosteal  tissue  also  first  occurs  here,  so  that  this  part 
seems  to  correspond  morphologically  with  the  centre  of  the  shaft  of 
other  long  bones.  The  expanded  portion  of  the  phalanx  which  bean 
the  nail,  claw,  or  hoof,  is  entirely  formed  by  an  outgrowth  of  the  snb- 
periostcal  bone,  and  is  not  preceded  by  cartilage. 

A  detailed  account  of  the  mode  of  ossification  of  these  phalangeB 
will  be  shortly  published. 


VI.  **  On  the  Organisation  of  the  Fossil  Pknts  of  the  Coal- 
measures.  Part  XI."  By  W.  C.  Willumson,  F.R.S.,  Plro- 
fessor  of  Botany  in  the  Owens  College,  Manchester.  Be- 
ceived  Jime  3,  1880. 

(Abstract.) 

M.  Renault  has  recently  published  a  memoir,  in  which  he  xepro* 
duces  the  views  of  "M,  Brongniart  respecting  the  relations  which  the 
Lepidodcndra  bear  to  the  SigillariaB,  still  insisting  that  the  former  aane 
cryptogamic  Lycopods,  whilst  the  latter  are  exogenous  Oymnoeperma. 
In  endeavouring  to  establish  this  position,  the  French  palaoobotaaiat 
concludes  that  if  the  exogenous  Diploxyloid  stems  (i.0.,  Sigillaiiaa 
ones)  are  but  matured  states  of  some  Lepidodendra,  eveiy  Sigillanaa 
type  of  organisation  ought  to  be  found  in  a  young  or  Lepidodendroid 
form,  because,  he  contends,  the  type  of  the  central  oiganiBation,  anoe 
established,  undergoes  no  further  change  with  advancing  age.  la' 
support  of  his  position,  he  affirms  that  there  are  three  such  Sigtllaxian 
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it  was  found  necessary  to  describe,  in  general  terms,  the  differences  in 
the  botanical  composition,  in  the  character  of  development,  and  in 
some  points  in  the  chemical  composition  of  the  produce  also.  The 
object  of  the  present  section  is  to  describe  and  discuss,  more  in  detail, 
what  maj  be  called  the  botany  of  the  plots ;  that  is,  to  show  both  the 
normal  botanical  composition  of  the  herbage,  and  the  changes  induced, 
bj  the  application  of  the  different  manuring  agents,  and  bj  variations 
in  the  climatal  conditions  of  the  different  seasons  ;  and,  as  far  as  may 
be,  to  ascertain  what  are  the  special  cLaracters  of  growth,  above-ground 
or  under.ground,  normal  or  induced,  by  virtue  of  which  the  various 
species  have  dominated,  or  have  been  dominated  over,  in  the  struggle 
which  has  ensued. 

The  method  of  taking  the  samples,  and  of  conducting  the  botanical 
analyses  and  observations,  is  described.  The  characters  of  the  seasons 
in  which  complete  botanical  separations  were  made,  as  well  as  those  of 
some  of  the  seasons  leading  up  to  the  years  of  separation  themselves, 
are  discussed.  The  flora  of  the  collective  plots  is  described ;  and  the 
organization  by  means  of  which  the  constituent  plants  may  maintain 
themselves,  or  succumb  in  the  competition,  is  considered.  The  charac- 
teristics of  the  individual  dominant  plants  are  pointed  out;  and, 
finally,  the  botany  of  each  of  the  twenty-two  plots  is  fully  detailed, 
and  the  changes  induced,  by  season  or  manuring,  are  discussed. 


IX.  "Preliminary  Note  on  some  Points  in  the  Pathology  of  An- 
thrax, with  especial  reference  to  the  Modification  of  the 
properties  of  the  Bacillus  anthracis  by  Cultivation,  and  to 
the  Protective  Influence  of  Inoculation  with  a  Modified 
Virus."  By  W.  S.  Greenfield,  M.D.,  F.R.C.P.,  Professor 
Superintendent  of  the  Brown  Institution.  Communicated 
by  Professor  Burdon-Sanderson,  F.R.S.  Received  June 
17,  1880. 

In  the  course  of  some  experimental  investigations  into  the  pathology 
of  anthrax  at  the  Brown  Institution,  made  during  the  past  twelve 
months,  two  scries  of  phenomena  have  been  the  subject  of  study,  and 
in  each  some  results  which  I  believe  to  be  novel  have  been  attained. 
These  results  have  not  only  a  considerable  practical  importance,  if 
verified  by  other  observers,  but  their  interest  in  relation  to  the  patho- 
logy of  anthrax  and  other  diseases  appears  to  me  suflicieut  to  warrant 
their  communication  to  the  Royal  Society  in  the  form  of  a  preliminary 
note,  leaving  the  full  detail  of  the  experiments  for  a  future  occasion. 

The  practical  purpose  of  these  investigations  was  to  ascertain  (1) 
by  what  means  the  virus  of  splenic  fever  may  be  so  modified  as  to  be 
capable  of  inoculation  without  fatal  result,  and  (2)  whether  a  modified 


552  Prof.  W.  C.  Williamson.     On  the  [June  17, 

being  destined  for  each  branch.  One  of  these  halves  of  the  vascalo- 
medullary  axis  displays,  with  the  utmost  distinctness,  the  characteristio 
crescentic  commencement  of  an  exogenous  zone,  whilst  the  other  half 
i*ctains  its  primary  non-exogenous  state.  The  latter  condition  thus 
belongs  to  the  Lepidodendron  vasculare  of  Binney,  whilst  the  former 
as  clearly  represents  the  Sigillaria  vascularis  of  the  same  author,  and 
the  Sigillarian  character  of  which  is  recognised  by  M.  Renault.  We 
thus  have  in  one  stem  two  branches,  one  of  which,  according  to  the 
views  of  the  French  savant,  is  a  Cryptogamic  Lycopod,  and  the  other  a 
Gymnospermous  Sigillaria.  The  remarkable  peculiarities  characterising 
the  central  axis  of  these  specimens  makes  it  absolutely  certain  that 
they  all  belong  to  one  species  of  plant. 

The  typical  Lepidodendron  Harcourtii  is  then  examined  in  a  similar 
manner.  In  the  details  of  its  organisation  it  differs  materiallj  from 
L.  Selaginoidcs,  nevertheless  as  its  growth  progresses  it  displays  typi- 
cally similar  changes.  It  attains  to  much  larger  dimensions  than  the 
latter  plant  does  before  developing  its  exogenous  zone,  corresponding 
in  this  respect  with  the  Arran  plant.  Its  earlier  changes  are  chiefly 
seen  in  the  rapid  development  of  the  bast  or  prosenchymatons  layer  of 
the  outer  bark  and  in  the  increase  in  the  size  and  number  of  the  vessda 
constituting  its  vasculo-medullary  cylinder  or  medullary  sheath — ^the 
^'^  etui  medullaire^*  of  Brongniart;  but  in  more  advanced  specimens  a 
cylindrical  zone  of  centrifugally  developed  vascular  wedges  begins  to 
make  its  appearance  in  a  quasi-cambian  zone  of  the  cells  of  the  inner 
bark,  these  cells  being  arranged  in  more  or  less  regular  radiating  Unes. 
In  this  state  the  rudimentary  vascular  zone  corresponds  very  dooelj  to 
what  is  seen  in  young  stems  and  roots  of  some  Cycads. 

The  author  shows  that,  contrary  to  the  views  of  M.  Renault,  very 
marked  changes  take  place  in  the  development  of  the  vascular  bandies 
destined  for  the  secondary  branches  of  the  plant.  In  the  first  instance, 
each  of  these  is  but  a  concavo-convex  segment  of  the  entire  vaBColo- 
medullary  cylinder,  whose  detachment  leaves  a  large  gap  in  the  con- 
tinuity of  that  cylinder,  which,  however,  soon  becomes  closed  again  bj 
the  convergence  of  the  disconnected  ends  of  the  broken  Taaonbur 
circle.  The  concavo-convex,  detached  segment  undergoes  a  similar 
change.  Its  two  extremities  meet,  and  before  it  csoapes  from  the 
outermost  bark,  it  has  assumed  the  cylindrical  form  of  its  parent  stem. 

The  rootlets  of  Stigmaria  ficoides,  now  well  known  to  belong  alike 
to  Lepidodendron  and  to  Sigillaria,  present  some  pecoliaritiee  of 
structure  which  are  only  found  in  the  Lycopodiaceas  and  the  Ophio- 
glosso^,  amongst  living  plants. 

The  vascular  bundle  in  the  interior  of  each  Stigmarian  rootlet  w 
enclosed  within  a  very  regularly  circular  cylinder,  composed  of  tlie 
cells  of  the  innermost  bark ;  but  the  position  of  the  bundle  in  relation 
to  the  cylinder  is  always,  unless  accidentally  disturbed,  an  eccentria 
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cessive  artificial  cultivations,  -and  the  evidence  npon  which  the  con- 
clusion is  based. 

The  experiments  were  performed  in  a  very  simple  manner.  The 
cultivating  fluid  employed  was  aqueous  humour,  the  animals  inoculated 
were  chiefly  mice,  though  guinea-pigs,  rabbits,  cows,  and  on  one 
occasion  a  sheep  were  also  used.  But  mice,  being  especially  suscep- 
tible to  the  poison,  were  mainly  relied  on.  The  cultivations  were 
performed  in  closed  tubes,  half  filled  with  the  cultivating  fluid.  Every 
precaution  was  taken  both  to  prevent  the  entrance  of  other  organisms 
and  to  detect  and  eliminate  from  the  series  any  cultivations  which 
proved  to  be  contaminated. 

The  cultivations  were  continued  to  the  nineteenth  generation,  each 
successive  generation  presenting  identical  morphological  characters  at 
the  various  stages  of  its  growth,  and  showing  no  diminution  in  the 
capacity  for  growth,  nor  marked  variation  in  the  time  and  temperature 
relations  of  its  germination.  From  each  successive  cultivation  fresh 
cultivations  were  made,  a  microscopic  examination  was  performed,  some 
capillary-tubes  were  filled  with  the  cultivation  and  preserved  for  future 
use,  and,  in  most  cases,  a  portion  used  for  inoculation  of  a  mouse. 

The  first  series  of  experimental  inoculations  were  made,  step  by 
step,  as  the  cultivations  proceeded,  and  when  the  results  showed  that 
the  Bacillus,  though  still  actually  growing,  might  be  inoculated  in 
large  quantities  with  impunity,  a  second  series  of  inoculations  was 
made  with  the  material  which  had  been  preserved  in  capillary  tubes. 
To  this  second  series  the  objection  might  be  made  that  the  material 
had  deteriorated  by  keeping.  The  reply  is  to  be  found  in  the  fact  that 
the  earlier  the  cultivation  the  longer  had  it  been  kept,  so  that  the 
first  cultivation  might  be  two  or  three  weeks  older  than  the  sixth,  and 
would  have  had  more  chance  of  deterioration,  whereas  it  was  found  to 
be  equally  virulent  at  the  end  of  thi^ee  months-  as  when  first  used. 

In  no  case  was  I  able  to  produce  any  symptoms  or  a  &tal  result  bj 
inoculation  with  a  later  generation  than  the  twelfth ;  beyond  that 
stage  a  large  quantity  of  actively  germinating  rods  and  spores  pro- 
ducing no  result  whatever.  The  diminution  of  vimlenoe  was  very 
marked,  even  at  the  eighth  generation,  both  as  regards  the  proportion 
of  animals  affected  and  the  rapidity  of  action  with  an  equal  dose. 

I  do  not  desire  at  present  to  dwell  upon  any  oonclusions  to  be 
drawn  from  these  experiments.  I  would  merely  observe  that,  while 
they  saggcst  a  means  of  protective  inoculation  with  a  modified  vima, 
the  activity  of  which  may  be  capable  of  exact  determination,  they 
also  point  to  a  modification  of  the  views  which  have  been  entertained 
on  the  relations  of  the  Bacillus  anihracis  to  splenic  fever.  Whether 
the  factR  are  explicable  on  the  hypothesis  of  alteration  of  the  habitat 
of  the  Bacillus,  acclimatization,  and  incapacity  for  transplantation  to  a 
different  soil ;  whether  the  same  result  would  be  attained  by  cnltiva* 
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tion  in  other  media ;  and,  lastly,  whether  by  any  means  the  BadUue 
might  again  acquire  the  power  of  producing  the  disease — these  are 
questions  which  can  only  be  determined  by  further  ezperiment. 


X.  "On  the  Miocene  Plants  discovered  on  the  Mackenzie 
River."  By  Professor  Oswald  Heer,  of  Zurich.  Commu- 
nicated by  Robert  H.  Scott,  F.R.S.    Received  Jime  16, 

1880. 

On  his  return  from  his  "  searching  expedition  "  to  Arctic  America 
of  the  year  1848,  Sir  John  Richardson  brought  to  London  a  box  of 
fossil  plant-remains,  which  he  had  collected  on  the  Mackenzie  River, 
between  Fort  Norman  and  the  Great  Bear  Lake  River,  in  latitude 
G5°  N. 

The  deposits  from  whence  the  specimens  were  obtained  had  been 
discovered  by  Sir  Alexander  Mackenzie,  in  1785,  and  visited  hy  Sir  J. 
Franklin  and  Sir  John  (then  Dr.)  Richardson  in  1825 ;  but  it  was  not 
until  his  second  visit  that  Richardson  was  able  to  bring  away  speci- 
mens (Journal,  vol.  i,  p.  186). 

This  first  collection  contained  seventeen  specimens,  of  which  only 
fourteen  allowed  of  exact  determination,  but  it  presented  featnree  of 
great  interest,  as  it  gave  us  the  first  indications  of  the  character  of 
the  Miocene  Flora  of  these  inaccessible  regions  of  North  America. 

The  importance  of  procuring  more  copious  materials  for  the  stndy 
of  these  deposits  hardly  requires  to  be  stated,  and,  accordingly,  in  the 
year  1871,  Mr.  Robert  H.  Scott,  F.R.S.,  and  Dr.  John  Bae,  F.B.S. 
(who  had  himself  accompanied  Sir  John  Richardson  on  his  expeditum 
in  1848,  when  the  first  specimens  were  collected),  obtained  from  the 
Government  Grant  Committee  the  sum  of  £50  to  defray  the  coat  of 
procuring  and  forwarding  to  London  a  collection  of  tbeoe  plant- 
remains.  The  actual  expenses  incurred  have,  however,  fallen  far 
short  of  the  amount  received. 

The  kind  offices  of  Mr.  W.  Hardisty,  Chief  Factor  of  the  Hudson*! 
Bay  Company's  Service,  were  enlisted  for  the  task,  which  was  not  an 
easy  one  to  carry  out.  The  locality  is  distant  from  any  inhabited 
port,  and  is  merely  passed  by  the  boats  on  their  annual  trading 
journeys  up  and  down  the  river,  when  the  men  are  fully  employed  in 
making  the  best  use  they  can  of  the  short  period  available  for  naviga- 
tion, and  have  but  little  time  to  look  for  fossils. 

More  than  one  attempt  was  made  to  send  boxes  to  London ;  bat  aa 
this  involved  a  long  journey  by  boat  before  they  reached  the  port  of 
shipment,  it  is  not  to  be  wondered  at  that  two  or  three  cases  failed  to 
reach  their  destination.  At  last,  in  the  summer  of  1879,  Dr.  Baa 
learnt  that  a  box  of  fossils,  addressed  to  him,  was  lying  at  Maaitolia 
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which  eventually  was  seut  by  rail  to  New  Fork,  and  thence  by 
steamer  to  London,  its  contents  reaching  me  in  the  course  of  the 
present  spring  (1880). 

The  specimens  consisted  of  silicified  wood  with  a  number  of  leaves, 
partly  in  soft,  but  partly  also  in  baked  clay.  The  nature  of  the  stone 
corresponds  exactly  with  that  in  which  Richardson's  specimens  are 
embedded ;  and  as,  of  the  fourteen  species  represented  in  the  new 
collection,  seven  are  found  in  Richardson's,  it  is  evident  that  all  the 
specimens  come  from  the  same  locality.  The  same  is  also  true  of 
a  few  plant  fossils  recently  submitted  to  me,  which  have  been  re- 
ceived by  Mr.  Scott  from  the  Bishop  of  Athabasca,  who,  before 
leaving  Eiigland,  had  readily  consented  to  do  what  he  could  to  for- 
ward the  study  of  the  geology  of  this  part  of  his  immense  diocese. 

If  we  summarise  all  the  known  facts  of  the  Fossil  Flora  known  to 
occur  on  the  Mackenzie  River,  we  find  that  there  are  twenty-three 
species,  of  which  six  are  widely  disseminated  in  the  Miocene  deposits 
of  Europe  : — Taxodium  distichum  miocenumy  Olyptostrohus  Ungeri, 
Sequoia  Langsdoifii^  Gorylus  M^Quarrii^  Platanus  aceroides,  and  Juglans 
aeuminaia. 

Not  a  single  one  of  the  species  is  found  in  the  Eocene  of  Europe. 

The  Mackenzie  Flora  contains  six  species  present  also  in  the  Brown- 
coal  Flora  of  Alaska,  viz..  Tax.  distichum y  Glypt,  Ungeriy  Seq,  Langsd.^ 
Coryl.  ATQuar.j  Jugl.  acuminata,  and  Vihumum  Nordenskioldi. 

Eight  appear  also  in  the  Flora  of  Saghalien : — Tax.  dist.,  Olypt.  Ung.f 
8equ.  Langsd.y  Coryltu  M'Quar.y  Jugl.  acum.^  Hedera  WClurii^ 
Quercus  Olafseniy  and  Magnolia  Nordenskioldi. 

The  Flora  exhibits  just  as  close  a  connexion  with  that  of  the  Arctic 
Miocene  beds.  Thirteen  species  from  Greenland,  fourteen  from  Spits- 
bergen, five  from  Grinnell  Land,  and  four  from  Iceland  make  their 
appearance. 

In  Canada,  to  the  south  of  the  Mackenzie  River,  in  lat.  49^  N., 
Tertiary  plants  have  been  found  in  some  localities,  e.g.,  at  Porcupine 
Creek,  at  Great  Valley,  and  on  the  Milk  River.  The  last-mentioned 
localities  have  yielded  only  a  few  species,  and  Professor  Dawson  has 
determined  fifteen  from  Porcupine  Creek.*  Of  these  six  are  still 
existing,  and  one  of  these  species  (Onoelea  sensihUisj  L.)  has  also  been 
found  in  the  Miocene  Tuffs  of  Mull,  in  Scotland,  and  at  Fort  Union. 
To  these  shoald  be  added  three  species  known  as  Miocene,  Olypto* 
strohiis  Europirujf^  Sequoia  Langndorfii,  and  Populus  Richardsani. 

Not  one  of  the  plants  described  by  Dawson  occurs  in  the  Eocene  of 
Europe,  and  in  the  United  States  themselves  four  of  the  species  have 
been  found  in  the  Miocene,  while  only  one  (the  Sequoia)  is  possibly 
admissible  as  Eocene. 

*  Vide  "  Report  on  the  Oeologr  and  Reflourret  of  the  Region  in  the  Ticinity  of 
the  49th  Parallel."     By  G.  M.  DawMn.    Page  328. 
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When  we,  moreover,  consider  that,  according  to  Dawson's  determi- 
nations, one-half  the  species  agree  with  living  forms,  while  not  an 
individual  existing  plant  is  known  to  occur  in  the  Eocene  of  Enrope» 
wo  must  certainly  range  these  Porcupine  Creek  beds  with  the  Miocene 
and  not  with  the  Eocene,  where  Professor  Dawson  places  them. 

Professor  Dawson  was  led  to  this  incorrect  conclusion  by  aome 
remains  of  Vertebrata  found  at  Milk  River.  These,  however,  occur 
on  a  lower  horizon  than  the  plant  beds  on  the  Porcupine  River,  as  the 
author  himself  points  out  (Jtoc,  cit.^  p.  152),  and  these  Milk  Rirer  beds 
may  be  Eocene. 

Two  species  are  common  to  the  Mackenzie  River  and  Porcapine 
Creek,  and  when  Professor  Dawson,  from  this  circumstance,  condadea 
that  the  plants  from  the  former  locality  are  Eocene,  he  has  reasoned 
on  entirely  mistaken  grounds.  The  same  remark  may  be  made  when 
he  assigns  the  Tertiary  Flora  of  the  Arctic  regions  to  the  Lower 
Eocene. 

The  plant-remains  found  at  Porcupine  Creek,  on  the  Mackensie 
River,  and  in  Alaska  belong  to  the  northern  Miocene  Flora  of  North 
America,  which  has  a  considerable  number  of  species  in  common  with 
the  Miocene  Flora  of  the  Frigid  Zone,  and  belongs  to  a  period  at 
which  in  the  Rocky  Mountains,  in  Greenland,  and  Iceland,  as  well  aa 
in  Scotland,  Ireland,  and  on  the  continent  of  Europe  extensive  volcanic 
eruptions  occurred,  in  which  these  plant-remains  are  occasionally  fbnnd 
embedded. 

If  we  compare  the  plants  from  the  Mackenzie  River  with  the 
Tertiary  Flora  of  the  United  States,  which  has  been  very  thoroughly 
worked  up  by  Professor  L.  Lesquereux,*  we  find  eight  apeciea  in 
common,  viz..  Tax,  dut.,  Sequ,  Langsd.,  Olypt.  Ung,^  Cor.  If'Qiiar^ 
P(tp.  Richards, y  Populus  Arctica^  Bettda  ma^crqphyUa^  and  Plaiamms 
aceroides  (?). 

All  these  species  appear  in  the  Miocene  beds  of  Americai  but  one  of 
them  (Pop,  Arciica)  reaches  down  into  the  Oligocene  and 
(the  Sequoia)  possibly  even  down  to  the  Eocene. 

The  comparison  with   the  Tertiary   Flora  of  the  TTnitc 
therefore,  tends  to  place  the  white  clay  beds  of  the  M'iu^h»n«i5y  m- 
among  the  Miocene,  and  accordingly  corroborates  the  result 
the  proved  agreement  of  the  fossils  therein  contained  with  the 
Flora  of  Europe  and  of  the  Arctic  regions. 

The  specimens  of  silicified  wood  have  been  submitted  lor 
Bcopic   examination  to  M.  C.  Schroter,   Assistant  at  the 
Laboratory  of  the  Polytechnicum  of  Ziirich,  and  I  shall  hope  to 
municate  a  notice  of  any  results  he  may  attain  to  the  Society. 

^  It.  Lesquorcux,  "  Contributions  to  the  Fossil  Flora  of  the  Weitem 
II.  The  Tertiary  Flora."     Washington,  1878. 
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XL  "  Experimental  Researches  oo  the  Electric  Discharge  with 
the  Chloride  of  Silver  Battery."'  By  Wakren  De  La  RlTB, 
M.A.,  D.C.L.,  F.R.S.,  and  Hugo  W.  Mulleb,  Ph.D..  F.R.S. 
Received  June  16,  1880. 

SDPPIBHENT  to  PlBT  III. 

2%e  Ehetrie  Condition  of  the  Terminals  of  a  VaeMitiuTube  after  tkmr 
connexion  with  the  Source  of  EleelricUy  AfU  been  broken. 
The  qaestion  Iiaa  been  mooted  whether  there  is  a  polariaatioik  of  the 
terminals  of  a  Tacanm-tnbe  after  the  discharge  through  it  haa  been 
intermpted  by  breaking  connexion  between  it  and  the  sonrce  of  elec- 
tricity. This  question  we  nnderfitatid  in  the  aenfie — does  there  exist  a 
chemical  polarisation  as  is  the  case  for  instance  with  the  terminals  of 
a  voltameter  andci  similar  circnmstanccB  P  It  is  evident  that  if  a 
polarisation  of  this  kind  conld  be  proved,  the  fonnnla  nsed  for  deter- 
mining the  tube  potential  ("  Phil.  Trans.,"  Part  I,  vol.  clzxi,  p.  65) 
wonld  no  longer  hold  good. 


The  problem  is  by  no  means  easy  of  Bolation,  and  it  haa  » 
attention  for  the  last  five  montha.    We  believe,  however,  that  tha  few 
VOL.  XXX.  2  B 
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experiments  we  are  abont  to  describe,  and  wHcli  we  select  from  a 
long  series,  will  show  that  there  is  really  no  such  polarisatioii  of  tha 
terminals. 

We  will  first  take  the  case  of  the  voltameter ;  the  arrangement  of 
the  apparatus  employed  in  our  experiments  is  shown  in  fig.  1,  where 
K  K'  represent  a  special  key  for  breaking  connexion  between  any  piece 
of  apparatus  and  the  battery,  B,  and  connecting  it  afterwards  instan- 
taneously with  a  galvanometer,  Q.  The  terminals  of  the  battery  are 
attached  respectively  to  the  screw-clamps,  e  and  d,  carried  by  an  ebonite 
bar,  supported  on  two  ebonite  columns,  touch- poii^ts  in  metallic  contact 
with  c  and  d^  pass  through  this  bar,  so  that  when  the  brass  springs, 
ae  and  5/,  are  allowed  to  rise  and  press  against  these  tonoh-points, 
the  battery  is  in  metallic  connexion  with  the  screw-clamps,  a  and  6, 
and  any  piece  of  apparatus  attached  to  them,  as,  for  example,  the  volta- 
meter, Y.  The  voltameter  employed  has  a  resistance  of  20  ohms ;  its 
platinum  electrodes  are  2*5  inches  long  and  0*025  inch  in  diameter, 
and  are  separated  0'25  inch ;  it  is  charged  with  dilute  pure  salphuric 
acid  in  the  proportion  of  1  volume  of  acid,  sp.  gr.  1*84,  to  8  Tolnmes 
of  water.  When  the  springs  are  suddenly  pressed  down  by  the  fingen 
placed  on  the  ebonite  disks,  e  and  /,  the  connexion  is  broken  between 
the  voltameter  and  the  battery,  and  it  is  connected  instantaneooslj 
with  the  galvanometer,  G.  The  galvanometer  actually  employed 
not  that  shown  in  the  figure,  but  a  Thomson  galvanometer,  wh< 


constant,  C,=- ; — =1,874  scale  divisions.     On  connecting  a 

1  megohm  • 

battery  of  10  chloride  of  silver  cells  with  the  voltameter  for  a  minute 
or  less,  and  then  suddenly  pressing  down  the  springy  a  and  /,  then 
was  a  deflection  to  the  left,  say,  of  more  than  1,000  scale  divisioiis, 
although  the  -^^^  shunt  was  used  to  reduce  the  current  thzoagh  the 
galvanometer ;  therefore,  the  deflection  without  the  shant  wonld  have 
been  more  than  1,000,000  divisions.  By  comparing  this  deflection 
with  that  produced  by  a  half  microfarad  condenser,  chaiged  with 
240  cells,  it  was  ascertained  that  the  deviation  produced  by  the  Tolta- 
mctcr  was  equivalent  to  that  of  111  microfarads. 

The  small  condenser  shown  at  C,  fig.  1,  was  sabstitated  for  the 
voltameter ;  it  is  made  of  a  thin  plate  of  glass  2  inches  aquare  and 
001 15  inch  thick ;  the  tinfoil  coatings  being  1*5  inch  aqnare,  its 
capacity  was  found  to  be  000055  m.f.'  When  charged  with  8,800 
cells,  and  afterwards  connected  with  the  Thomson  galTaoometsr 
through  the  |  shunt,  by  pressing  down  e  and  /,  the  defleotbm 
136'5  divisions  to  the  lefl;  this  multiplied  by  9*92,  the  Tafaia  of 
shunt  was  equivalent  to  1,354  divisions. 

The  apparatus,  shown  in  fig.  2,  which  was  constmcted  for  aaotlMr 
object  already  described,*  was  connected  with  a  and  6;  it 

•  "  PhU.  Trans.,"  toI.  dxxi,  p.  76. 
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-esBentiallj  of  tiro  disks,  31  inches  diftmet«r,  placed  0'13  inch  apftrt. 
The  capacit;  of  this  apparatos,  when  oBcd  as  an  air-condenser,  was 
determined,  and  foand  to  be  OOOOOSS  m.f.  With  3,600  cells  no 
discharge  took  place,  and  it  merely  charged  op  as  a  condenser.  The 
deflection  produced,  when  the  keys  e  and  /  irere  pressed  down,  was 
(withont  shunt)  150  divisions,  still  to  the  left.  It  is  evident,  therefore, 
that  the  direction  of  the  deviation  throws  no  light  on  the  question,  for 
it  is  the  same  with  the  voltameter  as  with  the  condenser. 


Fio.  2, 


Tahe  73,  containing  a  residnam  of  aoetylane,  was  now  snbstitatad 
far  the  air-condonser ;  it  is  265  inches  loDg  and  I'S  looh  diameter,  thtt 
distance  between  the  terminals  23  inches  ;  this  tabe  was  oonnacted  with 
3,600  cells,  cnrrent  000681  W.  The  tnbe  potentia]  was  foand  to  bs 
'2,980  colls,  and  ita  resistance  419,500  ohms.  On  pressing  down  the 
springs  «  and/,  so  as  to  break  connexion  wi^tbo  battery  and  oonneok 
the. tnbe  with  the  galvanometer,  there  wn  a  deflection  of  11  divisions 

U 


to  the  left,  the  same  as  before.  The  current  was  only 
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The  diag^m,   fig.  3,  will  illnstrato  the  action  of  the  speoial  1 
is.  1.     Wheo  tiio  handle  is  moved  to  the  left,  the  tube  TT'  is  n 


iu  niL'tjiUic  connexion  with  the  battery,  (vhoHe  terminale  are  slu 
attached  to  c  and  d  (this  is  equivalent  to  the  springs  being  allowed  fa 
press  upwards  against  c  and  d,   fig.  1)  ;  when  the  handle  I 
to  the  riifht,  then  the  discharge  of  the  battery  through  TT'  < 
and  the  IcrmiiiiLls  of  the  tubes  N  and  P  are  connected  with  the  a 
nomi'l:<'r,  the  cvtremitiea  of  whose  coil  are  attached  to  e  and  /  (til 
cqnivulcut  to  pri'ssing  down  the  springs  in  fig.  1). 

On  aimthcr  occasion  with  the  same  tube,  No.  73,  with  a  di» 
fnim  2, 400  cells,  the  deviation  to  the  left  on  passing  down  *  and^^ 


20  illv 


Kj  i;*;*,  with  a  hydrogen  charge,  was  now  snbetituted,  &g.  • 
re  ;:  millims.,  S,G32  M,  5,100  colls,  current  0  01639  W.     TMl 
.'IS  idrcii'iy  been  described  ;•  it  is  37  inches  (!)4centim9.)  long,  and 
icIlis  (It;^  ccntima.)  in  diameter.      The  distance  between  ( 
lals,  a  rinu'  .'im!  a  wtraight  wire,  is  33"5  inches  (8S  centJma.). 
>i  pliK'c  i!ic  battery  was  connected  direct  to  the  galvi 
.^iti^c■  to  -■  .iiulthL-  negative  to/ (that is,  in 

positivi'  wi'ro  attached  to  e  and  the  negative  to  d),     A.'|| 
of  wire  w:is  inserted  between  c  and  /  as  a  shnnt,  utv 

•  "  Pha.  TnuH.,"  T»d.  olni,  p.  104 
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attack,  produced  by  inocniation,  exerts  any  protectire  infiaenoe  agamst 
a  futnre  inocniation  with  nnmodified  virus. 

The  conclusions  arrived  at  by  the  experiments  made  with  thia 
object  were  as  follows  : — 

1.  That  anthrax  may  be  artificially  communicated  to  bovine  oTiim^la 
by  inocniation  with  the  blood  or  spleen  of  the  guinea-pig  which  has 
died  of  the  disease  artificially  induced,  and  that  the  same  resnlt  maj 
be  attained  by  inoculation  with  the  Bacilhts  anihracis  cultivated  from 
the  fluids  of  a  rodent;  the  disease  thus  induced  being  severe,  bat 
rarely  fatal  to  previously  healthy  bovine  animals. 

This  result  had  already  been  attained  by  Dr.  Burdon-Sandenon  in 
some  previous  experiments,  with  the  details  of  which  I  was  not  ao- 
quainteil  when  my  own  experiments  were  made. 

2.  In  all  the  cases  thus  inocnlated,  the  animals  appeared  to  have 
acquired  either  a  considerable  degree  of  protection  or  entire  immnnity 
from  the  results  of  subsequent  inocniation,  although  mnch  lai^ger 
doses  of  the  virus  were  employed. 

Some  of  my  experiments  on  these  subjects  have  been  already 
published  in  tlie  Journal  of  the  Royal  Agricultural  Society. 

In  the  course  of  these  experiments,  I  employed  on  several  occasions 
the  BaciUna  atithracis  artificially  cultivated  in  successive  generations 
in  aqueous  humour,  and  finding  that  the  results  appeared  to  vaiy 
considerably  with  the  stage  of  the  cultivation,  those  furthest  removed 
from  the  original  parent  source  being  more  frequently  inactive,  I  was 
led  to  make  a  series  of  observations,  of  which  I  now  desire  to  commu- 
nicate the  results.     They  may  be  stated  as  follows  : — 

That  when  the  Bacillus  anthracis  is  artificially  grown  in  sncoesrive 
genenitions  in  a  nutrient  fluid  (aqueous  humour)  it  maintains  its 
morbific  properties  through  a  certain  number  of  generations,  but  each 
successive  generation  becomes  less  vimlent  than  its  predeoeaaor, 
requiring  both  a  longer  time  and  a  larger  quantity  to  eacert  its  morlnfio 
action  ;  and  after  continuous  diminution  of  virulence,  at  a  oertain 
stage  in  t1ie  successive  cultivations,  the  Bacillus,  though  maintaining 
all  its  morphological  characters  and  its  power  of  growth,  becomiei 
completely  innocuous  even  to  the  most  susceptible  class  of  animals. 

It  may  be  added  that  the  modified  virus  produces  forms  of  modified 
disease  which  differ  widely  from  ordinary  splenic  fever,  both  in  the 
distribution  of  the  Bacilli  and  in  the  nature  of  the  symptoms  and 
pathological  appearances. 

It  does  not  appear  necessary  at  the  present  moment  to  enter  wiifc 
further  detail  into  the  evidence  upon  the  subject  of  modified  inoeola- 
tion  and  protection  from  further  attack,  for  this  conid  only  he  done  hf 
a  detail  of  the  experiments,  which  is  beyond  my  present  pnrpoae.  Bet 
it  is  desirable  that  I  should  briefly  state  the  general  method  employed 
in  tlio  determination  of  the  gradual  diminution  of  vimlenoe  1^ 
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with  3,900  cell<,  the  cnmni  wu  0'04201  W.,  derutioo  to  left  on 
connectiog  the  g^Taaamater  IS  diTiaions. 


m 


2,400  coIIb  woald  not  pass,  bat  a  deviation  to  the  left  of  47  diTiaioM 
was  obtained  on  cod noc ling  the  galvanoineter. 

The  following  are  the  resnlM  of  these  ezperimests  with  the  disks 
at  Tarioas  distances  : — 


No.  of 

PreuuTS. 

cclb. 

mm. 

.     1,200     . 

. .      4-5     .... 

.     2,40U     . 

. .      4  5     .... 

.     3,900     . 

..20-0     .... 

.     3,900     . 

..20-0     .... 

.     2,400    . 

..20  0     .... 

.     3,900    . 

. .   20  0    .... 

.     2,400    . 

..   20-0    .... 

Seflaetian  OB  c< 
naeting  galrsi 


did  not  pass 


did  not  pass 

passed 
did  not  pass 


27  0 
10 -0 
66-6 
8-5 
43-0 
13-0 
47-0 
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tion  in  other  media ;  and,  lastly,  whether  by  any  means  tlie  BadUuB 
might  again  acquire  the  power  of  producing  the  disease — these  are 
questions  which  can  only  be  determined  by  further  experiment. 


X.  "On  the  Miocene  Plants  discovered  on  the  Mackenzie 
River."  By  Professor  Oswald  Heer,  of  Zurich.  Commu- 
nicated by  Robert  H.  Scott,  F.R.S.    Received  Jmie  16, 

1880. 

On  his  return  from  his  "  searching  expedition  *'  to  Arctic  America 
of  the  year  1848,  Sir  John  Richardson  brought  to  London  a  box  of 
fossil  plant-remains,  which  he  had  collected  on  the  Mackensie  River, 
between  Fort  Norman  and  the  Great  Bear  Lake  River,  in  latitude 
65°  N. 

The  deposits  from  whence  the  specimens  were  obtained  had  been 
discovered  by  Sir  Alexander  Mackenzie,  in  1785,  and  visited  by  Sir  J. 
Franklin  and  Sir  John  (then  Dr.)  Richardson  in  1825 ;  bat  it  was  not 
until  his  second  visit  that  Richardson  was  able  to  bring  away  speci- 
mens (Journal,  vol.  i,  p.  186). 

This  first  collection  contained  seventeen  specimens,  of  which  only 
fourteen  allowed  of  exact  determination,  but  it  presented  featares  of 
great  interest,  as  it  gave  us  the  first  indications  of  the  character  of 
the  Miocene  Flora  of  these  inaccessible  regions  of  North  America. 

The  importance  of  procuring  more  copious  materials  for  the  study 
of  these  deposits  hardly  requires  to  be  stated,  and,  accordingly,  in  the 
year  1871,  Mr.  Robert  H.  Scott,  F.R.S.,  and  Dr.  John  Bae,  F.B.S. 
(who  had  himself  accompanied  Sir  John  Richardson  on  his  ezpeditioB 
in  1848,  when  the  first  specimens  were  collected),  obtained  from  the 
Government  Gmnt  Committee  the  sum  of  £50  to  defray  the  oost  of 
procuring  and  forwarding  to  London  a  collection  of  these  plant- 
remains.  The  actual  expenses  incurred  have,  however,  fallen  far 
short  of  the  amount  received. 

The  kind  offices  of  Mr.  W.  Hardisty,  Chief  Factor  of  the  Hndaon*s 
Bay  Company's  Service,  were  enlisted  for  the  task,  which  was  not  an 
easy  one  to  carry  out.  The  locality  is  distant  from  any  inhabited 
port,  and  is  merely  passed  by  the  boats  on  their  annual  trading 
journeys  up  and  down  the  river,  when  the  men  are  fully  employed  in 
making  the  best  use  they  can  of  the  short  period  available  for  naviga- 
tion, and  have  but  little  time  to  look  for  fossils. 

More  than  one  attempt  was  made  to  send  boxes  to  London ;  hot  as 
this  involved  a  long  journey  by  boat  before  they  reached  the  port  of 
shipment,  it  is  not  to  be  wondered  at  that  two  or  three  esses  failed  to 
reach  their  destination.  At  last,  in  the  summer  of  1879«  Dr.  Baa 
learnt  that  a  box  of  fossils,  addressed  to  him,  was  lying  at  Muutbha 
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A  tangent  galvanometer  being  inserted  in  the  circnit  between  the 
battery  and  the  voltameter,  the  ^^  shnnt  being  nsed  with  the  Thorn- 
flon  galvanometer. 

Current  Deflection  of  Thomson 


indicated  bj 

galTanometer,  with 

No.  of  celU.       the  tangent 

shunt  ^^,  on  pressing 

DiTisions. 

galTanometer. 
W 

down  e  and/. 

1     ....     000000 

....     220x995-3»  .... 

218,930 

2     ....     0-00415 

....             f  ^JtJ               II                       .... 

761,380 

3    ....     003463 

....        «/Oy         II               .... 

978,820 

10     ....     014660 

....          •/*/\J             II                     .... 

985,160 

On  keeping  down  the  keys  e  and  /  after  the  voltameter  had  been 
connected  with  three  cells,  the  deflection,  which  at  first  was  984 
divisions,  foil  in — 

1  minute  to  110 

2  minutes  to   80 


3 

68 

4 

60 

5 

55 

6 

52 

7 

49 

SO  that  it  was  evident  that  a  cnrrent  was  kept  np  by  the  voltameter 
for  a  considerable  time  after  the  battery  had  been  disconnected. 

In  order  to  render  evident  the  direction  of  the  current  of  polariaa- 
tion  of  the  voltameter  the  apparatus  was  arranged  as  in  fig.  7,  that  is, 
the  Thomson  galvanometer,  with  -g^^  shunt,  was  inserted  in  the  circnit 
between  the  battery  and  the  voltameter.  An  adjustable  shnnt 
fixed  .  between  a  and  b  to  permit  the  greater  part  of  the  cnrrent  to 
through  it.  A  plate  of  metal,  ss,  was  provided  to  slip  under  a  and  / 
to  short  circuit  the  return  current  through  the  galvanometer.  The 
shunt  which  was  found  just  sufficient  to  carry  the  major  part  of  the 
current,  and  yet  permit  sufficient  to  traverse  the  voltameter  to  produce 
a  just  visible  evolution  of  gas,  was  13  ohms. 

On  connecting  the  battery,  the  current  was  in  the  direction  of  the 
lower  arrow,  and  the  deviation  133  divisions  say  to  the  left ;  on  press- 
ing  down  the  keys  on  to  the  metal  slip  placed  under  them  to  short 
circuit  the  current,  after  the  battery  had  been  disconnected,  the  return 
current  was  in  the  reverse  direction,  as  shown  by  the  upper  dotted 
arrow,  the  deviation  being  425  divisions  to  the  right.  Even  without 
pressing  down  the  keys  on  to  the  metal  slip  nearly  the  same  devia- 
tion was  obtained  on  disconnecting  battery  for  the  return  current 
then  traversed  the  shunt  from  a  to  h. 

^  The  talue  of  the  ^i^  ■hnnt. 
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Whon  we,  moreover,  consider  that,  according  to  Dawson's  determi- 
nations, one-half  the  species  agree  with  living  forms,  while  not  Kn 
individual  existing  plant  is  known  to  occnr  in  the  Eocene  of  Earope, 
we  must  certainly  range  these  Porcupine  Greek  beds  with  the  Miocene 
and  not  with  the  Eocene,  where  Professor  Dawson  places  them. 

Professor  Dawson  was  led  to  this  incorrect  conclusion  bj  some 
remains  of  Vertebrata  found  at  Milk  River.  These,  however,  oocnr 
on  a  lower  horizon  than  the  plant  beds  on  the  Porcupine  River,  as  the 
author  himself  points  out  (loc.  cit,^  p.  152),  and  these  Milk  River  beds 
may  be  Eocene. 

Two  species  are  common  to  the  Mackenzie  River  and  Porcupine 
Greek,  and  when  Professor  Dawson,  from  this  circumstance,  concludes 
that  the  plants  from  the  former  locality  are  Eocene,  he  has  reasoned 
on  entirely  mistaken  grounds.  The  same  remark  may  be  made  when 
he  assigns  the  Tertiary  Flora  of  the  Arctic  regions  to  the  Lower 
Eocene. 

The  plant-remains  found  at  Porcupine  Greek,  on  the  Maokensie 
River,  and  in  Alaska  belong  to  the  northern  Miocene  Flora  of  North 
America,  which  hsis  a  considerable  number  of  species  in  common  with 
the  Miocene  Flora  of  the  Frigid  Zone,  and  belongs  to  a  period  at 
which  in  the  Rocky  Mountains,  in  Greenland,  and  Iceland,  as  well  as 
in  Scotland,  Ireland,  and  on  the  continent  of  Europe  extensive  Yolcanio 
eruptions  occurred,  in  which  these  plant-remains  are  occasionally  fonnd 
embedded. 

If  we  compare  the  plants  from  the  Mackenzie  River  with  the 
Tertiary  Flora  of  the  United  States,  which  has  been  very  thoronghly 
worked  up  by  Professor  L.  Lesquereux,*  we  find  eight  species  in 
common,  viz.,  Tax.  dist.,  Sequ,  Langsd.,  Glypt,  TTng,^  Qar,  M^Quekr^ 
Fop.  Richards.y  Po2)uliis  Arcticay  Betula  nuicrophylla^  and  PlnJtuiut 
a^eroides  (?). 

All  these  species  appear  in  the  Miocene  beds  of  America,  but  one  of 
them  (Pop*  Ardica)  reaches  down  into  the  Oligocene  and  a 
(the  Sequoia)  possibly  even  down  to  the  Eocene. 

The  comparison  with  the  Tertiary  Flora  of  the  United 
therefore,  tends  to  place  the  white  clay  beds  of  the  M'^^^Vftnrift  Bi^^r 
among  the  Miocene,  and  accordingly  corroborates  the  result 
the  proved  agreement  of  the  fossils  therein  contained  with  the 
Flora  of  Europe  and  of  the  Arctic  regions. 

The  specimens  of  silicified  wood  have  been  submitted  for 
Bcopic  examination  to  M.  G.  Schroter,   Assistant  at  the 
Laboratory  of  the  Polytechnicum  of  Ziirich,  and  I  shall  hope  to 
municate  a  notice  of  any  results  ho  may  attain  to  the  Society. 

*  L.  Losquorcux,  "  Contributions  to  the  Fossil  Florm  of  the  Wettem  Ibnildrili. 

II.  The  Tertiary  Flora."     Washington,  1878. 
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In  examining  beforehand  the  purity  of  the  speciallj  prepared  metaJ 
used,  warned  by  Dumas'  previous  results  as  to  gaseous  occlusion  by 
silver,  of  which  due  account  was  taken  in  the  paper,  I  did  not  neglect 
to  test  in  like  manner  the  aluminium,  but  obtained  an  entirely  negative 
result.  As,  however,  I  heated  the  metal  in  a  SprcDgel  vacuum  only 
to  the  highest  temperature  which  a  hard  Bohemian  glass  tube  would 
bear,  while  M.  Dumas  says  that  gas  is  only  given  o£E  suddenly  **  vere 
le  rouge  blanc,"  I  have  since  seeing  his  paper  repeated  the  experiment 
in  a  porcelain  tube,  and  at  this  higher  temperature,  obtained  by  means 
of  an  excellent  gas  f  omace,  with  a  small  remnant  of  the  same  material 
used  in  the  atomic  weight  determinations. 

4' 783  grms.  of  the  metal  thus  treated  gave  a  small  bubble  of  gas, 
which  measured  but  *75  cub.  centim.  at  24^  C.  and  752  millims. 
pressure.  Transferred  to  a  miniature  eudiometer  it  was  exploded 
with  oxygen,  and  seemed  to  be  pure  hydrogen.  This  is  but  little  more 
than  one- third  the  quantity  of  gas  obtained  by  Dumas,  but  his  experi- 
ments and  my  own  with  silver  prove  that  the  amount  occluded  varies 
with  the  conditions  under  which  the  metal  has  been  fused,  and  two 
circumstances  in  the  preparation  of  my  aluminium  probably  tended  ta 
reduce  the  proportion  of  hydrogen  taken  up — namely,  that,  fearing 
possible  contamination  of  the  metal  by  its  alloying  itself  with  sodium 
at  the  moment  of  reduction  from  the  bromide,  I  used  a  considerable 
excess  of  the  latter,  and  that,  not  only  were  the  ingots  of  sodium  wiped 
free  of  naphtha  with  a  cloth,  but  the  outside  sarface  was  pared  o£f 
with  a  knife,  and  only  quite  clear  and  solid  pieces  of  the  alkaline  metal 
were  used  for  the  reduction. 

The  above  volume  of  hydrogen  only  represents  a  weight  of  0*000061 
grm. ;  the  corresponding  weight  from  the  largest  amount  of  aluminium 
used  in  the  atomic  weight  experiments  of  Series  3,  A  (in  which 
the  gaseons  hydrogen  evolved  was  measured) y  would  be  but  0*000010 
grm.,  and  the  corresponding  weight  from  the  largest  amount  of  alumi- 
nium  used  in  Series  3,  B  (in  which  the  hydrogen  evolved  was  burned 
and  weighed  as  water),  would  be  0*000067  grm. — both  quantities  tea 
small  to  be  determined  by  the  balance  used. 

Even  if  it  were  possible  to  correct  for  this  occluded  hydrogen  the 
weight  of  metallic  aluminium  taken,  the  greatest  error  in  the  volume  of 
hydrogen  obtained  in  Series  3,  A,  would  only  represent  0 12  cub. 
centim.,  which  would  be  barely  measurable  in  the  flask  used,  and 
would  affect  the  atomic  weight  deduced  for  aluminium  to  an  extent 
less  than  one-tenth  of  the  probable  error  of  the  mean  result.  And,  in 
Series  3,  B,  the  greatest  error  in  the  weight  of  the  water  produced  by 
combuhtion  of  the  hjdrogfen  would  be  0*0006  grm.,  measurable  by  the 
balance,  but  affecting  the  result  by  less  than  three-fourths  of  the 
probable  error  of  the  mean. 

Hence  it  appears  that,  although  there  is  undoubtedly  a  oonstuit 
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experiments  wo  are  about  to  describe,  and  whicb  we  select  from  a 
long  series,  will  show  that  there  is  really  no  such  polarisation  of  the 
terminals. 

Wo  will  first  take  the  case  of  the  voltameter ;  the  arrangement  of 
the  apparatus  employed  in  our  experiments  is  shown  in  fig.  1,  whore 
K  K'  represent  a  special  key  for  breaking  connexion  between  any  piece 
of  apparatus  and  the  battery,  B,  and  connecting  it  afterwards  instan- 
taneously with  a  galvanometer,  G.  The  terminals  of  the  battery  are 
attached  respectively  to  the  screw-clamps,  c  and  c2,  carried  by  an  ebonite 
bar,  supported  on  two  ebonite  columns,  touch-poii^ts  in  metallic  contact 
with  c  and  (2,  pass  through  this  bar,  so  that  when  the  brass  springs, 
ae  and  hf,  are  allowed  to  rise  and  press  against  these  touch-points, 
the  battery  is  in  metallic  connexion  with  the  screw-clamps,  a  and  6, 
and  any  piece  of  apparatus  attached  to  them,  as,  for  example,  the  volta- 
meter, V.  The  voltameter  employed  has  a  resistance  of  20  ohms ;  its 
platinum  electrodes  are  2*5  inches  long  and  0*025  inch  in  diameter, 
and  are  separated  0*25  inch ;  it  is  charged  with  dilute  pure  snlphnric 
acid  in  the  proportion  of  1  volume  of  acid,  sp.  gr.  1*84,  to  8  volames 
of  water.  When  the  springs  are  suddenly  pressed  down  by  the  fingen 
placed  on  the  ebonite  disks,  e  and  /,  the  connexion  is  broken  between 
the  voltameter  and  the  battery,  and  it  is  connected  instantaneonslj 
with  the  galvanometer,  G.  The  galvanometer  actually  employed  was 
not  that  shown  in  the  figure,  but  a  Thomson  galvanometer,  whoie 

constant,  G,=- ;; — =1,874  scale  divisions.     On  connecting  a 

1  megohm 

battery  of  10  chloride  of  silver  cells  with  the  voltameter  for  a  minnte 

or  less,  and  then  suddenly  pressing  down  the  springs  e  and  /,  there 

was  a  deflection  to  the  left,  say,  of  more  than  1,000  scale  diviaiona, 

although  the  -^^  shunt  was  used  to  reduce  the  current  through  the 

galvanometer ;  therefore,  the  deflection  without  the  shunt  would  hare 

been  more  than  1,000,000  divisions.     By  comparing  this  deflection 

with  that  produced  by  a  half  microfarad  condenser,  charged  with 

240  cells,  it  was  ascertained  that  the  deviation  produced  by  the  Tolta- 

meter  was  equivalent  to  that  of  111  microfarads. 

The  small  condenser  shown  at  G,  fig.  1,  was  suhstitated  for  the 
voltameter ;  it  is  made  of  a  thin  plate  of  glass  2  inches  aqnare  and 
00115  inch  thick;  the  tinfoil  coatings  being  1*5  inch  sqnarai  its 
capacity  was  found  to  be  0*00055  m.f.*  When  chaiged  with  S«600 
cells,  and  afterwards  connected  with  the  Thomson  galvanometer 
through  the  }  shunt,  by  pressing  down  e  and  /,  the  defleotioo  was 
136*5  divisions  to  the  left;  this  multiplied  by  9*92,  the  Tafaia  of  tke 
shunt  was  equivalent  to  1,354  divisions. 

The  apparatus,  shown  in  fig.  2,  which  was  constructed  for  aaoitfaer 
object  already  described,*  was  connected  with  a  and  6;  it 

•  **  Phil.  Trani.,"  vol.  dxxi,  p.  7«. 
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experimeuts  wo  are  about  to  describe,  and  which  we  select  from  a 
long  series,  will  show  that  there  is  really  no  such  polarisation  of  the 
terminals. 

We  will  first  take  the  case  of  the  voltameter ;  the  arrangement  of 
the  apparatus  employed  in  our  experiments  is  shown  in  fig.  1,  where 
K  K'  represent  a  special  key  for  breaking  connexion  between  any  piece 
of  apparatus  and  the  battery,  B,  and  connecting  it  afterwards  instan- 
tanooasly  with  a  galvanometer,  G.  The  terminals  of  the  battery  are 
attached  respectively  to  the  screw-clamps,  c  and  c2,  carried  by  an  ebonite 
bar,  supported  on  two  ebonite  columns,  touch-poii^ts  in  metallic  contact 
with  c  and  dy  pass  through  this  bar,  so  that  when  the  brass  springs, 
ae  and  hfy  are  allowed  to  rise  and  press  against  these  touch-points, 
the  battery  is  in  metallic  connexion  with  the  screw-clamps,  a  and  6, 
and  any  piece  of  apparatus  attached  to  them,  as,  for  example,  the  Tolt^ 
meter,  V.  The  voltameter  employed  has  a  resistance  of  20  ohms ;  its 
platinum  electrodes  are  2'5  inches  long  and  0*025  inch  in  diameter, 
and  are  separated  0*25  inch ;  it  is  charged  with  dilute  pure  sulphuric 
acid  in  the  proportion  of  1  volume  of  acid,  sp.  gr.  1*84,  to  8  Yolnmes 
of  water.  When  the  springs  are  suddenly  pressed  down  by  the  fingeit 
placed  on  the  ebonite  disks,  e  and  /,  the  connexion  is  broken  between 
the  voltameter  and  the  battery,  and  it  is  connected  instantaneously 
with  the  galvanometer,  G.  The  galvanometer  actually  employed  was 
not  that  shown  in  the  figure,  but  a  Thomson  galvanometer,  whose 

constant,  G,=- — =1,874  scale  divisions.     On  connectinff  a 

1  megohm  • 

battery  of  10  chloride  of  silver  cells  with  the  voltameter  for  a  mimite 
or  less,  and  then  suddenly  pressing  down  the  springs  e  and  /,  there 
was  a  deflection  to  the  left,  say,  of  more  than  1,000  scale  divisions, 
although  the  -gj-^  shunt  was  used  to  reduce  the  current  through  the 
galvanometer ;  therefore,  the  deflection  without  the  shunt  would  hare 
been  more  than  1,000,000  divisions.  By  comparing  this  deflection 
with  that  produced  by  a  half  microfarad  condenser,  charged  with 
240  cells,  it  was  ascertained  that  the  deviation  produced  by  the  volta- 
meter was  equivalent  to  that  of  111  microfarads. 

The  small  condenser  shown  at  G,  fig.  1,  was  substituted  for  the 
voltameter ;  it  is  made  of  a  thin  plate  of  glass  2  inches  square  and 
00115  inch  thick;  the  tinfoil  coatings  being  1*5  inch  squara,  its 
capacity  was  found  to  be  000055  m.f.'  When  chai^ged  with  S,600 
cells,  and  afterwards  connected  with  the  Thomson  galTanometer 
through  the  |  shunt,  by  pressing  down  e  and  /,  the  deflection  was 
13G'5  divisions  to  the  lefl ;  this  multiplied  by  9*92,  the  Talna  of  fte 
shunt  was  equivalent  to  1,354  divisions. 

The  apparatus,  shown  in  fig.  2,  which  was  constructed  for  ^iMytfiwr 
object  already  described,*  was  connected  with  a  and  ft;  it 

•  "  PhU.  Trans.,"  toI.  dxxi,  p.  7e. 
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light  from  this  part  of  the  flame  was  projected  upon  the  slit.  The 
Rpectmm,  No.  3  in  the  diagram,  contains  the  water  group  already 
descrihed,  and  in  addition  a  yerj  strong  line  close  to  G,  and  two 
lines,  A  3872  and  X  3890 ;  this  latter  line  is  seen  to  be  the  more  refran- 
gible limit  of  a  group  of  fine  lines  shading  off  towards  K. 

The  ultra-violet  group  when  carefully  compared  with  the  group  in 
the  spectrum  of  pure  hydrogen,  shows  several  small  differences.  I 
am  inclined  to  believe  that  there  is  the  superposition  of  a  second 
fainter  group.  There  is  strong  evidence  of  this  in  some  spectra  of 
hydrogen  taken  under  other  conditions.  There  is  also  a  broad  band 
less  refrangible  than  the  strong  line  at  G,  and  the  light  extends  from 
this  line  on  its  more  refrangible  side. 

A  double  Bunsen  burner  (Fletcher's  form)  with  a  strong  blast  of 
air  was  then  fitted  up.  The  spectrum  was  taken  of  the  intense  blue 
flame.  It  resembles  the  one  last  described.  All  the  distinctive  fea- 
tures are  intensi6ed,  and  a  continuous  spectrum  and  groupings  of 
very  fine  lines  fill  up  all  the  intervals  between  the  groups  already 
described,  so  that  there  is  an  unbroken  strong  spectrum  throughout 
the  whole  region  which  falls  upon  the  plate. 

A  spirit  lamp  was  arranged  before  the  slit.  The  spectrum  is  essen- 
tially the  same  as  No.  3,  but  as  it  is  less  intense  only  the  strongest 
lines  are  seen.  The  water  group,  the  strong  line  at  G,  and  the  pair 
of  lines  rather  more  refrangible  than  K,  are  seen.  Probably  with  a 
longer  exposure  the  finer  lines  would  also  show  themselves. 

The  distinctive  features  of  spectrum  No.  3  appear  to  be  connected 
with  the  presence  of  carbon. 


Table  of  Wave-lengths  of  the  Principal  Lines  of  the  Spectrum  of 

Water.     No.  1. 


3062 

3095 

3135 

3171 

3217-5 

3068 

3099 

3139 

3176 

3228 

3073 

3102 

3142-5 

3180 

3228 

3074 

3105 

3145 

3184 

3232 

3077-5 

3111 

31495 

3189 

3242-5 

3080 

3117 

3152-5 

3192-5 

3252-5 

3082 

3122-5 

3156 

3198 

3256 

3085 

3127 

3159-5 

3201 

3262 

3090 

3130 

3163 

3207-5 

3266 

3094 

3133 

3167 

3211 

3276 
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2947 

2991 

8031 
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2913 

2951 

2994 

3039 

287G 

2917-5 

2955 

2999 
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2880 

2922-5 

2959 

3002 

3046 

2883 

2985-5 

2966 

3006 

3061 

2887-5 

2929 

2967-5 

3010 

3067-5 

28?2 

2932-5 

2970-5 

3013 

3246 

3895 

29S5-5 

2975-6 

3017 

3271 

2897 

2940 

2981 

3019-5 

3429-S 

2904 

2943 

2989 

3029 

3478 

2907-5 
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Ja<;kKoiiiiiii  Pnifeswjr,  Univereity  of  Cambridge.     Het 
June  17.  ]«80. 


In  our  last  communication  to  the  Society,  "On  the  Spectrum 

Curbon  with  Hydrogen  and  Nitrogen,  No.  IT," 
remarkable  series  of  linos,  extending  over  the  regrn 
LPS  S  and  R  of  tho  solar  fipectrnm,  were  developed  v 
ii\-f(as  burning  in  oxygen.  The  arrangement  of  tinfl 
ch  this  spectrum  consists,  is  shown  in  the  iUHJompi 
.  1.     It  begins  at  the  more  refrangible  end  wiUifl 


Com  pounds  ol 

noticed  tliiit  ;i 
between  the  li 
the  Mnmo  oE  ei 
:ind  bands,  of 
ingdinv:ram,» 


«  illi  wikve- lengths  nbont  30C2,  3f)l!8.  nud  cxUtodR  n 
-length  a210.   It  is  well  developed  in  tho  flarao  o£  h 

I  i-ivi-9  tolcrablj  well  tlii'  Resrral  diuraclrr  uf  tha  ( 
ill  nil  caws  porrpully  rendered  llic  relatiro  itrength  of  U 
rt'trangible  half  are  Klmott  too  stroDglj  rendered. 
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flfen  M  well  u  of  hydrocarbons,  bommg  in  oxjgen,  and  leM  stronglj  in 
theflameaof  aon-hjdn^nonaguM,  sncIiM  c&rbonio  ozidoand  (^uio- 
gen,  if  bomt  in  moist  oxygen.  Special  pains  were  taken  to  pnrifj 
Iha  gaees  from  snlphnr.  The  same  spectram  is  giren  bj  the  eleotrio 
spark  taken,  withont  condenser,  in  moist  hydrogen,  oxygen,  nitrogen, 
and  carbonic  acid  gas,  but  it  disappears  if  the  gas  and  apparatus 
be  thoroQghly  dried.  We  are  led  to  the  conclasion  that  the  speo- 
tnim  is  that  of  water.     The  accompanying  diagram,  fig.  2,    shows 


the  appamtos  nsed  for  comparing  the  spectra  of  the  spark  in  the  gases, 
dry  and  moist  The  tnbe  in  which  the  sparks  were  |nssed  was  closed 
-.A  the  end  6  by  a  quartz  lens  cemented  to  the  glass  ;  e  c  were  platinum 
wires  scaled  into  the  glass.  The  gas  was  introduced  throngb  the 
narrow  tnbe  a,  provided  with  a  branch  closed  by  a  glass  stopcoA. 
Tbo  gas  was  pasued  from  the  gas-holder  throngh  two  long  drying-tubett 
of  which  the  first  was  filled  with  calcium  chloride,  and  the  second 
with  phosphoric  anhydride.  The  joint-s  were  all  made  with  dry  corks, 
in  order  to  avoid  the  hydrocarbons  which  contaminate  gases  passsa 
ihrongh  rubber  tnbes.  The  exit-tube  d  was  armed  with  a  tnbe  oi 
phosphoric  anhydride,  to  prevent  moisture  entering  that  way.  It  waa 
necessary  to  pass  a  current  of  dry  gas  for  fully  an  hour  throngh  the 
warmed  apparatus  before  the  moistnrc  was  sufficiently  expelled. 
When  this  was  done,  photographs  of  the  spark  showed  either  no  trace, 
or  only  the  faintest  traces,  of  the  spectrum  above  deacribed.  On  now 
introducing  a  drop  of  water  through  stopcock  in  the  branch  at  a,  and 
letting  it  spread  ov«r  a  plug  of  asbestos  placed  ia  the  tube  at  a,  the 
furrent  of  gas  of  course  paused  into  the  sparking  tube  moist  instead  of 
dry  ;  and  on  now  passing  the  spark,  the  spectrum  above  described  at 
iince  imprinted  itself  on  the  photographic  plate.  The  effect  was  the 
Hame,  whether  the  gas  nsed  were  hydrogen,  oxygen,  nitrogen,  or  car- 
bonic acid.  In  tbo  case  of  nitrogen,  some  of  the  channelled  bands  due 
to  that  gas  overlap  the  water  spectrum,  and  partly  obscure  it,  bat  not 
HO  much  hut  that  it  can  be  still  very  distinctly  recognised.  When  a 
(vndenscr  is  used,  the  water  spectrum  disappears.    The  same  ipectmm 
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seems  to  appear  in  the  De  Meritens  arc,  but  is  mach  less  fallj  deya- 
loped.  The  spectmm  we  have  fibred  docs  not  by  anj  meaoa  exhaosct 
the  ultra-violet  spectra  of  the  flames  we  have  observed,  but  it  is  as 
much  as  we  have  been  able  at  present  to  observe  closelj  and  to  trace 
to  water  as  its  cause.  In  writing  of  this  and  other  spectra  which  W0 
have  traced  to  be  due  to  compounds,  we  abstain  from  speculating  npon 
the  particular  molecular  condition  or  stage  of  combination  or  decern* 
position,  which  may  give  rise  to  such  spectra.  The  interest  of  finding 
an  ultra-violet  spectrum  of  water  in  a  flame  at  all  seemed  to  jnstify 
our  laying  before  the  Society  so  much  as  we  have  already  determined. 
It  opens  up  questions  as  to  the  emissive  power  for  radiation  of  short 
wave-length  of  gaseous  substances  at  the  comparatively  low  icmper»- 
tures  of  flames,  with  regard  to  which  we  are  accnmolating  facts,  which 
we  propose  to  discuss  in  a  future  communication.  It  is  obvions,  how- 
ever, that  this  opens  up  a  very  largo  and  extensive  field  of  inqniry 
which  will  necessitate  great  precautions  in  the  conduct  of  the  experi- 
ments ;  for  instance,  we  are  not  prepared  to  guarantee  that  oxides  of 
nitrogen  from  traces  of  air  may  not  have  something  to  do  with  some 
parts  of  the  spectrum  here  described.  Such  facts  as  we  have  placed 
before  the  Society  will  completely  modify  the  inferences  which  haTe 
been  drawn  as  to  the  assumed  continuity  of  flame  spectra  even  under 
compression,  and  as  to  the  character  of  the  specific  absorption  of  the 
vapour  of  water. 

The   Society    adjourned  over  the   Long  Vacation   to   Thnnday, 

November  18th. 
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Ecole  Polyteclmiqae.     JournRl.  Cahier  4i3.  Tome  28.  4to.  P'itm 

18  ?0.  L'ficole. 

Sociiito   d'Eaconrageroent   pour  I'lndastrie   Nationole.    Bulletin. 

Tome  VI.  Nob.  6G-72.  Toms  VIII.  Noa.  ?3-?6.  4(o.  Comptes 

Ren.h'a.  8vo.  Pam  1879-«0.  The  Society. 

Philadelphia  r— Franklin  Institote.     Jonntal.    Noa.    647-653.   8to. 

riiil'i'hIphM  1879-80,  The  Institnte. 

Rio  de   Janeiro: — Mnsen  KacionaJ.     ArcMvos.  Vol.   II.  Vol.   III. 

1"  e  2''.  TrimestroB.  4to.  Bio  de  Janeiro  1877-78. 

The  MuseBin. 
Rome; — Aecademift  Pontificia.    Atti.  Ammn  XXXII.  SeeBioni  4-7. 
Anno  XXXIII.  Sees.  1.  4to.  Bonia  187'J-8U. 

The  Acadenij. 

Reale   Accademia.     Atti.      Memorie.    Sci.  Fib.    Yola.  3,  4.    Scj. 

Mor.  Vol.  m.  4to.  Boma  1879.  The  Acadeiuy. 

Realo    Comitato   Geologico.     BoUettino.  Noa.  3  e  4.  8vo.  Kowta 

I8HU.  Tlie  Society. 

St.     Petersburg : — Acad^mie    Imperiale    dea    Sciences.      Ballettn. 

Tome  XXVI.    No.   1.  4to.   8t.  Petersboarg  1880. 

The  Academy. 

Ofvereigt.     187». 

The  Academy. 


Stockholm  :— Kongl.      Vetenskaps    Akademie. 
Nos.  H,  H).  8vo.  Stockholm 


der    Wififienschttften.  Anzeiger.    Jafarg. 

18H0.  Nos.  :!,  a,  6,  10.  8vo.   Wien  1880.  The  Academy. 

OstcrrcicliiMehe  GeBellschaft  fur  Meteoro logic.  Zeitscbnft.  J&o.— 

,)iiiii  i^^wi.  8vo.   m«*  1880.  The  Sociofcy. 


Jbscrviitioiin  and  Reports. 
Ciihultii :— tieological  Sorvey  of   India.     Memoirs.  Palnantologic*  ^ 
liiilita.  Sprits  xiv.  VoL  I.  No.  1.  4to.  Calculla  1S8U. 

The  Survey. 

Kii'l : — Konimission  znr  UnterBuchung  der  deutschen  Meere.  Kri^b- 

iiissc  der    I3eobachtungs8tationen   ao    den   dcatachen    Kiisten. 

Huft8-J2.  Oblong,  lierlin  1880.  The  CommiMiOM. 

London : — Royal    Mint,      Tenth  Annual   Report  of    the    Deputy 

JliistcT.  8vo,  L(mdoji  1880,  The  Hon.  C.  W.  Fremautla. 

Melboiivni' : — Heporta   of   the  Mining  Survej'ora   and    Rogistran.    | 

;Ust   December,  1879.   Svo.   Mdbotinie  1880. 

The  Government  of  Viotoim. 
I'ragiic  ;  —  K.   K  .  Stomwarte.     Beobacbtungen,    1873.    4to. 
I'^'^a  TheOha^! 
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Borne: — Osservatorio  del  Gollegio  Romano.     Bnlletino  Meteorolo- 

gico.  Vol.  Xyni.  Nos.  3-5.    Pontificia  UniyersiiA  Chregoriana : 

continiiazione  del  Balletino  Meteorologioo.   Vol.  XVID..  Nos. 

6-10.  4to.  Eoma  1879.  The  Observatory. 

Upeala : — Observatoire  M^t^rologiqne.   Bulletin  Mensnel.  VoL  XI. 

Ann6e  1879.  4to.  Upaal  1879-80. 
Washington  : — Department  of  the  Interior.    Report  on  the  Geology 

of  the  Henry  Moimtains.     By  G.  E.  Gilbert.  4to.  WcuhmgtoH 

1877.    Annual  Report  of  the  Survey  of  the  Territories ;  Idaho 

and  Wyoming.  1877.  8vo.   Washington  1879. 

The  Secretary  of  the  Interior. 


Journals. 

American  Journal  of  Mathematics.     Vol.  II.  Nos.  2,  4.  4to.  BaUi- 

more  1879.  The  Johns  Hopkins  Uniyersity. 

American  Journal  of   Otology.     Vol.  II.    No.  2.    8vo.    New  York 

1880.  The  Editor. 

American   Journal   of  Science.       Vol.     XVIII.      Nos..     104-108. 

Vol.  XIX.  Nos.  109-113.  8vo.  New  Haven  1879-80. 

The  Editors. 
Analyst.     Vol.  V.  Nos.  46-50.  8vo.  London  1880.  The  Editors. 

Annalen  der  Physik  und  Chemie.     Band  IX  ;  X,  Heft  1.  Beiblatter. 
Band  IV.  Stiick  1-5.  8vo.  Leipzig  1880.  The  Editors. 

Athomeum.     Nos.  2697-2745.  4to.  London  1879-80.       The  Editor. 
Builder.     January  to  June,  1880.     Folio.  London.  The  Editor. 

Bullettino  di  Bibliografia  e  di  Storia.    Tomo  XII.  4to.  Boma  1879. 

The  Prince  Boncompagni. 
Chemical  News.     Vol.  XLI.  Nos.  1049-69.  8vo.  London  1880. 

lie  Editor. 
Educational  Times.     January  to  June,  1879.  4to.  London. 

The  Editor. 
Electrician.     Vol.  IV.  4to.  London  1879-80.  The  Editor. 

Horological  Journal.    Nos.  251-262.  8vo.  London  1879-80. 

The  Editor. 
Indian  Antiquary.     Vol.  IX.  Parts  102-104.  4to.    Bombay  1880. 

The  Editor. 
Journal  of  Sciences.     Vol.  II.  Nos.  73-76.  8vo.  London  1880. 

The  Editor. 

Mondes  (Les).     Tome  LI.  8vo.  Paris  1880.  L*AbM  Moigno. 

Nature.    Vol.  XX.  Nos.  505-522 ;  Vol.  XXI ;  and  Extra  Number. 

roy.  8vo.  London  1879-80.  Messrs.  Maomillan. 
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Joanials  (coiitiavcd). 

New  York  Medical  Jonmal.     Vol.  XXSl.  Nos.  4.  5.  8to.  Nev>  York 
1880.  The  Editor. 

Notes  and  Querien.     January  to  June,  1880.  ito.  Loiiilott. 

Tlus  Editor. 
Observatory.     Nos.  27-38.  8vo.  Loiidwi  1873-80,  The  Editor. 

Philosopliical  Mn^zine.     July,  18?il,  to  June,  1880.  8vo.  iKimlcm. 

W.  Fmnds- 
Kevne  Politique  et  Litteraire.     Ano^  1879-80.  4to.  I'arii. 

MouH,  AJglsvo. 
Revne  Sclontiljqne.     Annee  1879-80.  4to.  Parii.        Mcina.  Alglnvo. 
Scotti-'fli  Naturalist.     Nn.  38.  8to.  Edinburgh  1880.         The  Kditor. 
Symons'B  Montiily  Meteorological  Magazine.     Vol,  XV.  Nos.  163— 
17-2.  8vo.    London  1880.  Tho  Kditor. 

Telegrapliic  Journal,     Vol.  VIII.  Nos.  166-176.  8vo.  Loiidott  1680. 

The  Editor. 

Van  NoHti-and'M  Kngineeriiig  Magaaine.     Nob.  133-138.  8to.  W»w 

Ynd-  1H80.  Tho  Hditor. 

ZeitML-brift  fur    Biologie.      Band  XVI.     Hefte  1.  2.  8™.  J/itMjW 

IMHO.  The  Editor, 

Zoitachrifl.  fiir  die  gesammten  NBtnrwissenachalfen.     Dritte  Fi*o!ge. 

Band  IV.  Svo.  Berlin  1879.  The  Editor. 


Kllis  (AU'ViUKki-  ,1.),   F.R.S.      The  History  of  Musical    Pitch.    Hvo. 

L..,>.l„„  iHHij  The  Author. 

h'ranvois  do  Ch;i\imont  (F,  S.  B.),  F.R.S.     Extract  from  tho  Official 

Koporls  of  11  .sBrioB  of  Comparative  Trials  of  Water  Filtratiou 

reccnily  inndc  at  the  Army  Medical  School,  Netley.  8vo.    LtmSMt 

\><W.  The  Atttfam-^ 

llookiT    (Sir.).  D-),  F.II.S.     The  Flora  of  British  India.  Part  7.  Sw 

Lo..:h.,-.  1K7',.,  The  India  OiBoe. 

Marion    (H.)  Fi!nici.«cn8   OlissonlaB;  quid   de  naturi  substantlKi,  seu 

vit;"i  iiiitiiiw  Miiserit.  8vo.  ImUHib  Paiisinrum  1880. 

The  Author. 
iioss  (CiJ.  U'.  A.)     Alphnbctical  Manual  of  Blowpipe  AiialyBta.  8to_ - 

l--"''-i.  I^H>  The  Anthw-T 


Pri-seidx,  June  IT,  1880. 

— Nut  urwiasenschnfllioher  Verein.     Abhandlungeu.    BluiJl 
Hi^ft,'  -J,  :i.     Beilage  No.  7.     8vo.  llremmi  1879-80. 
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Tranflactions  (conHniMd). 

Bmasels : — Academie  Royale  de  M£deoine.     M^moires  Gouronn&s. 

Tome  V.     Fasc  6.     Svo.  Bruxelles  1880.  The  Academj. 

Galcntta : — Asiatic    Society   of   Bengal.     Joaraal.     Vol.  XLVIII. 

Part  1.     No.   4     Proceedings.      1880,  No.  1.     8vo.   Calcutta 

1879-80.  The  Society. 

Cambridge  (U.  8.)  : — Harvard  College.     Moseam  of  Comparative 

Zoology.      Bulletin.     Vol.   VI.      Nos.   3-7.      8vo.    Gambridtje 

1880.  The  Museum. 

Dijon : — Acad^*mie  des  Sciences.     Memoires.     3e  S£rie.     Tome  5. 

8vo.  Dijon  1879.  The  Academy. 

Harlem :  —  Musee    Teyler.      Archives.      Vol.  V.     2e  Partie.     8vo- 

Haarleni  1880.  The  Museum. 

Societe  Hollnndaise  des  Sciences.     Natuurkundige   Verhandelin- 

gen.      3e    Ser.      Deel   IV.      Stuk    1.      4to.    Haarlem    1880, 

Archives  Neerlandaises.     Tome  XV.     Livr.  1,  2.     870.  Harleiu 

1880.     Programme,  1880.  The  Society. 

Huddersficld  : — Yorkshire    Naturalists'     Union.     The    Naturalist. 

Vol.  V.     No.  59.     8vo.  Huddergfield  1880.  The  Society. 

Kazan  : — Imperial  University.    Uchenuiya  2^piski.  1879.  Nos.  l~iK 

8vo.  Kazan  1879.  The  University. 

Klausenburg : — Siebenbiirgisches      Museum.      £rd61yi     Muzeum. 

Evofolyara  VII.     Sz.  6.     8vo.  The  Museum. 

Lausanne  : — Societe   Vaudoise  des  Sciences  Naturelles.      Bulletin. 

2e  Serie.     Vol.  XVI.     No.  83.     8vo.  Lausamie  1880. 

The  Society. 

London  : —  Institution  of  Civil  Engineers.     Minutes  of  Proceedings. 

Vol.  LIX.     8vo.  London  1880.  The  Institution. 

Linnean  Society.     Transactions.     2nd  Series.     Botany.     Vol.  I. 

Part  8.     4to.  London  1880.  The  Society. 

Meteorological    Society.     Quarterly  Journal.  Vol.    VI.    No.   34. 

8vo.  Lonihm  1880.  The  Society. 

National  Association  for  the  Promotion  of  Social  Science.     Se.s- 

sional  ProceedingK.  Vol.  XIII.  Nos.  3,  4.  8vo.  London  1880. 

The  Association. 
Quekett  Microscopical  Club.   Journal.  No.  43.  8vo.  London  lb80. 

The  Club. 

Royal  Agricultural  Society.    Journal.     Second  Series.  Vol.  XVI. 

Part  1.  Hvo.   London  1880.  The  Society. 

Royal  Astronomical  Society.     Monthly  Notices.  Vol.  XL.  No.  7. 

8vo.  London  1880.  The  Society. 

Royal  Institute  of    British  Architects.      Transactions.      Session 

1879-80.  No.  10.  4to.  The  Institute. 

Royal  Institution  of  Great  Britain.   Weekly  Meetings.    Febmmrj 

to  May,  1880.  The  Institution. 
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Royal    Microscopical  Society.     Journal,    Vol,  HI,    No.  3.    8vo, 

Lon-i-in  1880.  The  Society. 

Eoyal  TTiiited  Service   InBtitotion.     Joomal.    Vol.    XXIV.    No. 

104.  8va,  Loudon  1880.  The  lastilutioti. 

Society  of  Tele^^ph  Engineers.    Catalogue  of  Books  and  Papers 

relating  to    Electricity,    &a.      Compiled   by   Sir   F,    Ronalds, 

F.R.S.  8vo.  Londwi  1880.  The  Society. 

Zoological  Society.     Proceedings,  1880.    Part  I.     Gatalogne  of 

the  Library.  8vo.  London  1808.  The  Society. 

Land .-— Uuivt-vsity.     Ara-skrift.  Tom.  XV.  1878-79.  4to.  Lu,td. 

The  Univorfflty. 

Lyon : — Acadi/mie   des    Sciences.     M^moires.     Classe  des    Lettres, 

Tome  XVIII.     Glaase  des  Solencea,  Tome  XXIII.  8vo.  Lyon 

1878-79.  The  Society. 

Society  d'Agricnltnre.     AnnaJes.  4o  S^rie.  Tome  X.    1877.     Se 

Serie.  Tome  I,  1878,  and  Atlas.  8m  Lym  1878-80. 

The  " 
Sociuti!  Linnuetme.     Annales.  Tomes  24,  25.  8vo.  hyon    1878. 

The  Sooietjr. 
Melbourne: — National    Gallery    of    Victoria.      Cat«,logiie    of    tlu 
Statuca  and   Busta.  8vo.  Melbotime  1880.      Cataloffn^  of  tha 
Objects  of  Ethnotypical  Art.  8vo.  Melbtmnie  1878. 

The  Truatew. 

New  York  r— Ameriian  Geographical  Society.  Bulletin.  1879,  No.  3 ! 

18H0,  No.  1,  8vo.  Nmo  York  1879.  The  Society. 

Pliilndclpliiu  : — Academy  of  Natural  Sciences.     Proceedings.    1879. 

8vo.  J-hila.Ulphia  16ri)-80.  The  Academy. 

Franklin  Institute.      Journal,    Vol,   CIX.  No.  G&4.  «to.  Pftflo- 

ilelfhia  1880.  The  InstitBte., 

l'i,"in  r — Societa    Todcana    di    Scienze   Natnrali,     Process!   VerhalL 

Miiy,  imO.  Svo.  The  Sodefrr.' 

Ti'ifHtf :  — Societit  Adriatica  di  Scienee  Natnrali.    BolletUuu.  Vol.  V. 

No.  ±  8vf).  Trieste  1880.  The  Society., 

Wurivirk  :— Wiirwickshire  Naturalists'   Field   Club.     Pronoodingg. 

lsr;i.   svo.   Warwldc.  The  ClnK 


Obsin'validU,^  and  Reports. 

Berlin  ; — Sti;nnvar(«.  Circular  «um  Berliner  Aatronomisclifla 
Jiilirbiich.     Nos,  116-137.  8vo.  The  Obsorvatoiy. 

Brussels  :^Comraission  de  la  Carte  G^logiqno,  Cart*  dea  Euvirou 
dc  Ijeiiuick-St.-Qaentin.  folio.  Notice  Explicative  |iar  "ilL.  Q., 
Vclg<3,  8vo.  Bfuxelles  1880.  The  Gommig^wQ 
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Obflervations  and  Reports  (eantinued), 

Calcutta: — Geological    Sarvej  of  India.      ReocntU.    Vol.    XIII. 

Part  2.  Bvo.  The  Sopvey. 

Greenwich  :^  Observatory.    Report  of  the  Astronomer  Royal.  1880. 

4to.  The  Observatory. 

London : — Meteorological    Office.     Daily  Weather  Report.    Jane, 

1879,  to  June,  1880.     folio.     Weekly  Weather  Report.  June, 

1879,  to  June,  1880.  8vo.     Contributions  to  our  Knowledge  of 
the  Meteorology  of  the  Arctic  Regions.     Part  2.  4to.  London 

1880.  Hourly  Readings  from  the  Self- Recording  Instruments. 
April,  1879.  4to.  The  Office. 

Melbourne : — Geological   Survey  of  Victoria.     Prodromus  of  the 

Palaaontology  of  Victoria.     Decade  VI.    By  Frederick  McCoy. 

8vo.  Melhounie  1879.  The  Survey. 

Observatory.     Monthly  Record  of  Results.      December,   1872. 

8vo.   Melbourne.  The  Observatory. 

Versailles : — Service  Hydrometrique  du  Bassin  de  la  Seine.  Ob- 
servations sur  les  Conrs  d'Eau  et  la  Pluie,  1878.  4to.  Versaillet. 
Resum6.   8vo.   Ver»aille$  1880.  The  Department. 

Washington: — United  States'  Commission  of  Fish  and  Fisheries. 
Part  5.  Report  of  the  Commissioner  for  1877.  8yo.  Wcuhington 
1879.  The  Commission. 

Zi-ka-wei: — Observatoire.  Bulletin  Mensuel.  December,  1879. 
4to.   Zi-ha-wei  1879.  The  Observatory. 


Journals. 

Indian  Antiquary.     Part  106.  4to.   JBom&ay  1880.  The  Editor. 

New  York  Medical  Journal.     Vol.  XXXI.    No.  6.  8vo.   Nmo  York 

1880.  The  Editor. 


Anderson  (Richard)     Lightning  Conductors ;    their  History,  Naturtt 

and  Mode  of  Application.    8vo.   London  1880. 

B.  8.  Newall,  F.R.S. 
Bastian  (H.  Charlton),  F.R.S.    The  Brain  as  an  Organ  of  Mind.  Bvo. 

London  1880.  The  Author. 

Bramwell  (F.  J.),  F.R.S.  Sequel  to  the  "  Thunderer  "  Gun  Explosion. 

8vo.  London  1880.  The  Author. 

Chase  (Pliny   Elarle)     Astronomical   Approximations.     I — VI.   Bvo. 

1879-80.  The  Author. 

Clausius  (R.),  For  Mem.  R.S.     Ueber  das  Verhalten  der  Kohlensanre 

in  Bezug  auf  Druck,  Volumen,  und  Temperatar.   Bvo.  Leipmg 

1880.  The  Author. 
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Cooke  (Jofiiah  P.)      The  Atomic  Weight  of  Antimony.    Preliminary 

Notice  of  Additional  EiperimentB,  8vo.  Tlio  Author. 

Danbruo  (A.)     Biscours  lu  dana  ta  Seance  Pnbliqne  Annnelle,  1880. 

4to.  Par,V  1880.  The  Author. 

Duncan   (P.  Martin),   f-B-S.     Monograph  of  the  Fossil  Corals  and 

Alcyonaria  of  Sind,  collected  by  the  Geological  Survey  of  India. 

4to.  Lmidoii  1880.  The  Author. 

FioTea  (Ch.)     Recherchea  but  l'Intensit4  Relative  des  Baies  Spec- 

trales  de  THydrogeno  et  de  I'Aiote.  8vo.  Brttxellu  1880. 

The  Author. 
Forrest    (John)      Explorations    in    Australia.     8vo.     London    1%T5. 

Jonrnal  of  Proceedings  of  the  Western  Australian  Eitplorirg  Bx- 

pedilion  throngh  the  Centre  of  Australia,  fol.  Perth  (A-uitn^ia) 

1875.  The  Author, 

Gyldcn  (Hu<,'o)     Yoraach  einer  Mathematischen  Theorie  7ur  Erkli- 

rung  des    Lichtwechsels  dcr  Veriinderlichen    Sterne.    4U>.    Bel- 

iiiiijfors  lai^KJ.  The  Author. 

Jeffreys  (J.  Gwyn),  F.B.S.     Address  delivered   at  the  Aniiivereary- 

Mi'eting  of  the  Hertfordshire  Natural  History  Society  and  Field 

Club.  Hvo.  Hgrtford\%m.  The  Autbor. 

Laplace  (P.  S. )     (Eqvtcs  completes  de  Laplace.    Tomes  I — 111.    4t(i. 

i'ciriK    18r>^.  La  Marquise  de  Colbert  ChabanuB. 

Lc  Blanc  (Felix)      Notice   Necrologiqae  sur   Pierre- An toine    Favre. 

4to.  I'ari^  1880,  The  Author. 

McLachlau  (RobiTtj,  F.R.S.     Monographic  Ravision  and  Synopnis  of 

the  Trii;ht)ptt>ra  of  the  European  Fauna.    Part  9.    Svo.    London 

The  Author. 

9  et  la    Constitation    des    Ktres  e^ 

>  I'Hommo.   8vo.   Reimea  1879.    (S 

The  Author. 

inical  Transmission  of  Sound  by  Witm, 

iiml  oil  Simple-  Forma  of  Microphone  Receivers.  8vo. 

The  Author. 
Piiillip^  (Henr>),  Jun.     An  Acconntof  an  Old  WorkonCoBniogrrephy. 

Wvu.  i'h'JiiJi'li'h'ni  1880.     An  Account  of  Two  Maps  of  America 

]mblislK-d  [-.■spcctively  in  the  Yeara  1550  and  1555.    8vo.    PUla~ 

■Mplu\i  l^Hii.  The  Author. 

Pogifioli  (Miflii-Iiingelo),      Lavori  in  Opera  di  Scienzo  Natumli  dtt\ 

gia  Prcifcssori'  Michaelangelo  Poggioli  ora  pnbblicati  dall'AvVO' 

ciito  (luiscjipi'  suo  Figlio.     8vo.  Ruma  1880. 

Joseph  Poggioli,  per  the  Prince  Bancompa^iTU* 
Quc'telut    (Knic.^i)      Rcchorches   snr   los    Monvements    de   I' Aiguille- 

iiiniaTLi-i'o  j'l  Kruxellos.     4to.  Bmxe.lka  1879.  The  AQlhor. 

Saint-Luger  (Dr.)      Reforme  de  la  Nomenclature    Botanique.     8vd. 

tyo»  1880-  The  Author.' 
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Scaccbi  (Archang^lo)  Bicherche  Ghimiche  sulla  IncroBtasioiii  Qialle 
della  Lava  Vesaviana  del  1631.  Memoria  Prima.  4to.  NapoU 
1879.  The  Author. 

Scheffler  (Hermann)  Die  Natnrg^esetze  nnd  ihr  Zasammenhang  mit 
den  Prinzipien  der  abstrakten  Wissenchaften.  Theil  III.  Liefer- 
nngen  6-8.     8vo.     Leipzig  1880.  The  Anthor. 

Schwendler  (Louis)  On  a  New  Standard  of  Light.  8vo.  Calcutta 
1879.  The  Author. 
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MacMunn  (C.  A.),  researches  into  the 

colouring  matters  of  human  urine,  with 

an  account  of  the  separation  of  uro* 

bilin,  250. 
Magnetic  surrey  of  the  fortieth  parallel 

in  North  America  between  the  Atlantic 

Ocean  and  the  Great  Salt  Lake,  Utah 

(Thorpe),  132. 
circuits  in  dynamo-  and  magneto - 

electric    machines   (Elphinstone  and 

Vincent),  287. 
Mallet  (J.  W.),  revision  of  the  atomic 

weight  of  aluminium,  329. 
note  on  the  bearing  on  the  atomic 

weight  of  aluminium  of  the  fact  that 

this  metal  occludes  hydrogen,  574. 
Masters  (M.  T.),  J.  B.  Lawes,  and  J.  H. 

Gilbert,   agricultural,   botanical,   and 

chemical  results  of  experiments  on  the 

mixed  herbage  of  permanent  meadow, 

conducted  for  more  than  twenty  years 

in    succession    on    the     same    land : 

Part  II.  The  botanical  results,  656. 
Matter,  on  a  fourth  state  of  (Crookes), 

469. 
Maxwell  (J.  Clerk)  on  a  possible  mode 

of  detecting  a  motion   of  the    solar 

system  through  the  luminiferous  ether. 

In  a  letter  to  Mr.  D.  P.  Todd,  of  the 

Nautical  Almanac  Office,  Washington, 

UJ3.,  108. 
M*Coy  (F.),  elected,  468. 
Meadow,  mixed  herbage  of  permanent, 

experiments  on  (Lawes,  Gilbert,  and 

Masters),  556. 
Measurement  of  the  actinism   of    the 

sun*s  rays  and  of  daylight    (Smith), 

356. 
Medusa,  fresh-water,  note   on  the  <li«- 

covery  of  a  (Lanke«ter),  564. 

additional  note,  556. 

Megalania  prisca^  description  of  some 

remains  of :  Part  II  (Owen),  30-1. 
Metals  in  solutions  of  salts  of  potassium, 

chemico-electric  relations   of  (Gore), 

38. 
Mills  (R.  J.),  on  chemical  repulsion,  68. 


Mixed  vapours,  on  the  critical  point  of 
(Dewar),  537. 

Motion  of  the  solar  system  through  the 
luminiferous  ether,  on  a  possible 
mode  of  detecting  a  (Maxwell),  108. 

Moulton  (J.  Fletcher)  elected,  468  :  ad- 
mitted, 469. 

and  W.  Spottiswoode  on  the  sen- 
sitive state  of  vacuum  discharges : 
Part  II,  302. 

MUller  (H.  W.)  and  W.  De  La  Bue. 
experimental  researches  on  the  electric 
discharge  with  the  chloride  of  silver 
battery:  Supplement  to  Part  III, 
568. 

on  the  height  of  the  Aurora 

Borealis,  382. 

Musical  beats,  notes  of  observations  on 
(Ellis),  520. 

New  method  of  spectrum  observation^ 
on  a  (Lockyer),  22. 

Nitrogen,  on  the  amount  of,  excreted  in 
the  urine  by  man  at  rest  (\\e»i  and 
BusseU),  444. 

Niven  (0.),  elected,  468 ;  admitted,  520. 

on  the  induction  of  electric  cur- 
rents in  infinite  plates  and  spherica 
shells,  113. 

Noble  (Captain)  and  F.  A.  Abel,  fired 
gunpowder  :  Note  on  the  exifltence  of 
potassium  hyposulphite  in  the  solid 
residue  of  fired  gunpowder,  198. 

Northbrook  (Lord),  elected,  67 ;  a<l- 
mitted,  173. 

Note  on  protagon  (Giungee),  111. 

Obituary  notices  of  Fellows  deceased  : — 
Brooke  (Charles),  i. 
Broun  (John  Allan),  iii. 

On  the  spectrum  of  water  (Liveing  and 
Dewar),  680. 

Orbit  of  a  satellite  revolving  about  a 
tidally  distorted  planet,  on  the  secular 
changes  in  the  elements  of  tlie  (Dar- 
win), 1. 

Ossification  of  the  terminal  phalanges  of 
the  digits,  preliminary  note  on 
(Sch&fer  and  Dixey),  550. 

Ova  of  EchidHa  hyttrix^  on  the  (Owen), 
407. 

Ovarial  glands  or  "egg-tubes,"  obser- 
vations upon  the  mode  of  formation  of 
the,  in  the  dog  (ScliAfer),  237. 

Ovarian  ovum,  on  the  structure  of  the 
immature,  in  the  common  fowl  and  in 
the  rabbit  (Schiifer),  237. 

Owen  (Professor),  de«ori|Hion  of  some 
remains  of  the  gigantic  Innd-hzard 
{Megalania  pritca^  Owen)  from 
Australia:  Part  II,  804. 

on   the    ova  of   Echidna  hffMfr*j-, 
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ranrn'Bs  and  small  intcatine,  tome  ob- 
ecrvation?  upon  the  h  jfirolTtioformoDto 
of  the  ( liron-ii  and  Herou).  31)3. 

Parker  {W.  K.)  on  tlio  rtpurturo  and 
ilvvrlupnient  of  the  ekull  in  the 
Batmrhin,  43S. 

(T,    Jefferrt  on    the  histclogj  of 

iluilra/ifea.'Bi. 

IVriiHlii'ilv  of  rainfall,  rMolta  of  an  as- 
qiiirv  iiitu  the  IWbipplo),  70. 

Ferry '(J.)  and  W,  E.  Ajrton,  a  pre- 
liminiirc  avoouot  of  the  reduRtion  of 
obserrations  on  gtroined  material, 
leyclen  jars,  and  Toltumetors,  411. 

PhoIiJgmphic  spretra  of  itars,  on  the 
(HiiKS'"*!.  2IJ. 

mi'diiifl  of  mappioB  tha  least  re- 

frnnKihlii    end  of  tlio  ealar  apectnun 
{_Ahnoy).r,7. 

Flail  Is,  .Mi'H^ne,  discorered  on  the 
M]i<'kon2i«  River  (lleer),  SSO. 

Plasniodin,  oq  the  ooaloBrenw  of  amoi- 
boid  ei'llx  inM  (Oeddex),  E52. 

Potaasiiim.  on  tlie  modiHeatione  of  tlie 
Bptic-triim  of,  whith  are  effBotwi  bj 
the  prewnoe  of  phosphoric  acid  (Thii- 
diHiiim),  27S. 

Prei'c'.'  (W.  H.)  on  name  thannal  Bfteoti 


ofHr.' 
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,   lists   of,   lis.   189,  295,  369, 
44a,  &S2. 
FroliiKon,  a  note  on  (ChHng«).  111. 

im'puivd  bj    Dr.    Gaoigee    (Koacoe), 
:iCio. 

R-iMiil,  on  tlicslruftureof  the immBture 
oi]iri:in  nviiiii  in  thu  (ScUfer),  S37. 

. iili-.TV!iHiin9    upon   tha    mode    < 
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Sandenon  (J.  B.),  notice  of  furtWr  e 
perimenlal  renemrchee  on  the  thn 
reluljons  of  the  einitator;  iitoi 

cle  of  the  heart  of  the  fve^ 

nr  rhiwtome.  383. 
ScbiLfer   (S.  A.)  and   A.  Biiej    ob    Um 

oTum  in  the  common  fowl  sod  in  tbe 
nbhit.  To  irhieh  ia  appendsd  aomp 
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tion  of  the  Ducia  prol'ffrmt  ia  tfat 
rabbit,  and  of  the  onkrud  ^Und*  a* 
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preliminary  not*  on  tfa«  oatfl- 

ntlton  of  the  terminal  phahuign  at  Ifaa 
digita,  650. 

Secular  changoa  in  the  eJeiiignta  of  tbu 
orbit  of  a  ratellito  recohiag  abont  m 
tiddly  distorted  planet,  an  tlu>  0ar- 
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prore  its  atiudintiH,  108, 
on  the  inSueneie  u(  eleetiio  lioU 

upon  vegetation,  and  on  eartaiit  nlj* 

lical  principles  inrolted,  IIIX 
some  further  obteimtioiia  on  |te 

influenue  of  eluutric  li^hl  UpoS*Vgti 

Skull,  on  the  stnieturu  and  deralMuaMk 
of  the.  in  tlio  Battsi-bia  (ParliM-),  4H( 

SmitJi  (B.  Aogui),  meaauremoBt  of  ^ 
aotuiiam  of  tbe  bud'b  ray*  and  of  ' 
light,  356. 


the  (Abnej),  61.  ^ 
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tectuig  a  motion  of  the,  thnmith .  ttn 

luminiferotw  ethar  (Uatwell).  JOA. 
Solubility    of    Bolidi    in   gntof.  St>    Qi 

(Haonay  and  Hogarlbl,  17H. 

(Hannaj),  *84. 

Spectra  of   tiara,   oo 
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ot  magneHium  aud  liDiiom  ( 

ing  and  Dewar),  F" 
ot 

hydro, 

Devar),  162. 
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Spectrum  observation,  on  a  new  method 
of  (Lockyer),  22. 

of  hyarogen,  note  on  the  (Lockyer), 


31. 


of  potassium,  on  the  modifications 
of  the,  which  arc  effected  by  the  pi*c- 
sence  of  phosphoric  acid,  and  on  the 
inorganic  bases  and  salts  which  are 
found  in  combination  with  educts  of 
the  brain  (Thudichum),  278. 

of  carbon,  note  on  the  (Lockyer), 
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further  note  on  the  (Lockyer), 

note  on  the  history  of  (Live- 
ing  and  Dewar),  490. 
—  of  the  flame  of  hydrogen,  on  the 
(Uuggins),  576. 

of  water  (Livcing  and  Dewar),  580. 


Spontaneous  se^entation  of  a  liquid 
annulus,  on  the  (Worthington),  49. 

Spottiswoode  (William)  on  some  of  the 
effects  produced  by  an  induction  coil 
with  a  De  Meritens  magneto-electric 
machine,  173. 

and  J.  Fletcher  Moulton  on  the 

Bensitire  state  of  vacuum  discharges  : 
Part  II,  802. 

Stars,  on  the  photographic  spectra  of 
(Huggins),  20. 

Strained  material,  Leyden  jars,  and  vol- 
tameters, a  preliminary  account  of  the 
reduction  of  observations  on  (Perry 
and  Ayrton),  411. 

Stress,  on  certain  effects  of,  on  soft  iron 
wires,  610. 

Studies  on  the  electric  arc  (Dewar),  85. 

on  the  chinoline  series  (Dewar), 

164. 

Surfaces  of  mutual  contact  of  aqueous 
solutions,  effects  of  electric  currents 
on  the  (Oore),  822. 

Sweatingihrom  soles  of  the  feet.  Bacterium 
fmtidum  associated  with  (Thin),  473. 

Thermal  transpiration,  note  on   (Rej- 

nolds),  300. 
effects  of  electric  currents,  on  some 

(Prceco),  408. 
Thin   (G.)  on  Bacterium  fatidnm :  an 

organism     associated    with     profuse 

sweating  from  the  soles  of  the  feet, 

473. 
Thorpe  (T.  E.),  a  magnetic  survey  of 

the  fortieth  parallel  in  North  America 

between  the  Atlantic  Oi'cun  and  the 

Great  Salt  Lake,  Utuli,  132. 
Thudichum  (J.  L.  W.)  on  the  modifica- 

Uons  of  the  spectrum  of   potassium 


which  are  effected  by  the  presence  of 
phosphoric  add,  and  on  the  inorganic 
bases  and  salts  which  are  found  in 
combination  with  educts  of  the  brain, 
278. 

Tilden  (W.  A.),  elected,  468 ;  admitted, 
520. 

Time-relations  of  the  excitatory  process 
in  the  ventricle  of  the  heart  of  the 
frog,  notice  of  further  experimental 
researches  on  the  (Sanderson),  378. 

Tonicity  of  the  heart  and  arteries,  on 
the  (GaskeU),  225. 

Tribe  (A.)  and  J.  H.  Gladstone,  the 
aluminium  iodine  reaction,  545. 

Tyndall  (John)  on  Buff's  experimenta 
on  the  diathermancy  of  air,  10. 

Urea,  on  the  relation  of  the,  to  the  total 

nitrogen  of  the  urine  in  disease,  438. 
Urine,  human,  researches  into  the  ooloor- 

ing  matters  of,  with  an  account  of  the 

separation  of    urobilin    (MacMunn), 

250. 
—  on  the  amount  of  nitrogen  excreted 

in  the,  by  man  at  rest   (West  and 

BusseU),  4^k 
Urobilin,  an  account  of  the  sepaimtion 

of  (MacMunn),  250. 

Vacuum  discharfi^,  on  the  sensitive 
state  of  (Spottiswoode  and  Moulton), 
302. 

Vincent  (C.  W.)  and  Lord  Elpbinstofiie 
on  magnetic  dronits  in  dynamo-  and 
magneto-electric  machines,  287. 

Vines  (S.  H.)  on  the  chemical  composi- 
tion of  aleurone-grains,  887. 

Water,  on  the  lowering  of  the  fireenng- 
point  of,  by  pressmre  (Dewar),  6S8. 

spectrum  of  (Liveing  and  Dewmr), 

580. 

West  (S.)  and  W.  J.  Russell  on  the 
relation  of  the  uroa  to  the  total  nitro- 
gen of  the  urine  in  disease,  488. 

on  the  amount  of  nitrogen 

excreted  in  the  nrine  by  man  at  rest, 
444. 

Whipple  (G.  M.),  resulta  of  an  inqniiy 
into  the  periodidty  of  rainfall,  70. 

Williamson  (W.  C.)  on  the  organisation 
of  the  fossil  plants  of  the  Coal-mea- 
sures :  Part  XI,  550. 

Worthington  (A.  M.)  on  the  spontane- 
ous segmentation  of  a  liquid  annulut, 
49. 
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OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 

Dr.  Oeorqi  Budd  was  bom  in  1808.  He  was  the  third  son  of 
Mr.  Samnel  Badd,  surgeon,  of  North  Taw  ton,  in  DevoDshire,  and 
one  of  nine  brothers,  seven  of  whom  have  successfnllj  studied  and 
practised  medicine.  Having  feeble  health  in  earlj  life,  he  was 
educated  at  home  till  he  went  to  Cambridge  in  1827. 

In  his  first  year  he  was  at  St.  John's,  afterwards  at  Gains',  and  in 
both  colleges  he  lived  a  quiet  studious  life,  reading  hard,  though  often 
interrupted  by  illness.  He  was  third  wrangler  in  a  good  year  (1831), 
and  was  soon  elected  to  a  fellowship  in  his  college.  He  studied  medicine 
at  the  Middlesex  Hospital ;  was  elected  a  Fellow  of  the  Royal  Society 
in  1836;  took  his  degree  of  M.D.  in  1848;  and  soon  after  became  a 
Fellow  of  the  Royal  College  of  Physicians.  His  first  publication  was 
an  ingenious  essay  on  the  Stethoscope  as  an  Acoustic  Instrument,  in 
the  '*  Medical  Gazette "  of  1837.  It  brought  him  good  repute,  and 
in  the  same  year  he  was  appointed  Physician  to  the  *'  Dreadnought " 
hospital  ship,  an  office  which  he  desired  chiefly  because  it  gave  better 
opportunities  for  thorough  pathological  study  than  could,  at  that 
time,  be  found  in  any  but  the  largest  hospitals  in  London.  It  was 
here  that,  in  association  with  Mr.  Busk,  he  made  his  researches  on 
Cholera  and  Scurvy,  and  collected  the  greater  part  of  the  patholo* 
gical  facts  on  which  ho  based  his  later  works  on  the  Diseases  of  the 
Liver  and  of  the  Stomach. 

Of  the  papers  on  Cholera,  the  first,  in  the  *'  Medico- Chirurgical 
Transactions  **  (vol.  xxi),  by  himself  and  Mr.  Busk,  is  a  report  on 
cases  in  the  *'  Dreadnought  **  during  the  epidemic  of  1837 ;  the 
second  (in  vol.  xxii)  a  statistical  account  of  cases  collected  from  the 
records  of  the  same  hospital  in  1832.  They  are  among  the  best 
writings  on  the  Cholera  in  this  country ;  and  the  second,  especially,  is 
a  good  instance  of  the  influence  of  the  teaching  of  Louis,  whose 
*'  numerical  method/'  then  hardly  appreciated,  had  so  great  a  share 
in  promoting:  accuracy  in  medical  resciirch.  Their  chief  results  are 
collected  in  his  essay  on  Cholera  in  "  Tweedie's  Library  of  Practical 
Medicine  *'  (vol.  iv),  which  also  contains  (in  vol.  v)  his  admirable 
essay  on  Scurvy,  with  Mr.  Busk's  observations  on  the  condition  of  the 
blood  in  that  disease. 

In  the  same  year  (1837-8),  and  in  the  same  Transactions,  Dr.  Budd 
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pnblislied  papers  on  Concentric  Hypertrophy  of  tlie  He^rt  and  o 
Emplij-Kt'ma  nf  tlie  Lnnga.  In  the  former  he  established  and  applic 
Cru  veil  heir's  opinion  that  this  condition  of  hearfa  is  characteristic  ( 
those  "  which  death  has  Rnrprieed  in  all  their  energy  of  contractility; 
In  the  latter,  he  demonstrated  the  effects  of  the  Inngs'  loss  ot  elul 
city,  and,  from  experimenlB  made  with  Mr.  Bnsk,  showed  the  ianel 
vity  of  the  (radical  and  bronchial  muscular  fibres  under  galvan 
sfimulus,  and  thenco  argued  ag'ainat  the  too  often  [issninod  inflnem 
of   the   muBculnr  structure   of   the  ail-tubes  in    the  phenoroenat 

Each  of  these  essays  shows  great  habitual  care  in  studying  diw 
not  only  in  lis  own  signs,  bnt  with   conetant  reference  to  tbe  1 
Icnowledge  of  flic  natural  stmclure  and  action  of  (he  affected  p 
The  snme  method  is  evident  in  a  paper  in  the  forty-second  Toltu 
the  "  Mcdico-Chimrgical  Transantlonfi,''  in  which  be  showed  i' 
inflammatory  changes  in  the  lungs,  in  cases  of  primary  c 
the  chest,  are  vciy  probably  dne  to  the  (norbid  growths  inroh-ing  Hi 
pulmonary  nei-ve-plexnscB,  and  thus  prodncing  effects  similar  to  thof 
produced   by  injary  to    the  trunk  or  branches  of  the  fifth  oerebn 

The  same  sond  method  of  study  is  shown  on  a  ranch  larger  «( 
and  with  a  viisl  iimonnt  of  careful  observation  and  research,  in  i 
Bndd's  chief  work,  bis  Treatise  on  Disessea  of  the  Liver,  pnUiaD 
in  1?4-1.  Writing  of  this.  Dr.  Wilson  Fo»,  who  mny  be  deemed  tfi 
most  C!i))ab1e  judge,  says,  "  He  may  fairly  be  said  to  be  the  fin 
writer  ivlm,  for  nearly  half  a  century,  had  systematised  the  practJa 
knowh'du'e  of  liver-diseases;  and  he,  for  the  fii-st  time,  gavo  tfai 
knowledge  tlie  funn  which  it  has  retained  for  nearly  forty  yonn 
This  lie  did  through  the  fact  that  be  impressed  on  nearly  evfiry  etftlt 
meat  his  own  wrcfal  clinical  observation,  and  reinvestigated  the  p 
hvL'vof  th- .'inhject  in  the  light  of  the  then  recent  anatomical  V 
of  kieraau  and  Uowman.  The  resnlt  has  been  that  his  book  P 
and  nni-;t  i-eiiinin  an  original  work  of  the  highest  valne,  and  U 

Of  se,iivdyh'';s  value  was  the  Treatise  on  Diseases  oftheStO 
pahlishct  in  l^'i.'j.  It  abounds  in  valuable  cbnical  ohaervatiaM  % 
cases  careliiUy  reeorded,  including  those  by  which  he  showed  tJiakfl 
sclf-dic.'^iion  of  llio  stomach  after  death  is  often  dne  to  R[>nciftll;  I 
rosive  s>ire:irsn«.  whnse  action  during  life  is  prevented  by  the  B 
linitv  lit  iIk'  rl  renin  ting  blood.  His  arguments  on  this  snhjprt  shoi 
sliiL'ularlv  ('U'lr  iuul  ingenious  thought ;  just  as  do  those  Willi  which,  ii 
Ills  iniilise  uii  thr'  liver,  he  proved  that  hepatic  abscesses  ore  TWj 
olti'ii  due,  iioi   otdy  to  phlebitis  of   the  minutest  portal   voi(idy/a| 

to   111 |.;>r,i~oi]iTi;r    from   diseased    intestines,  and   criticised   QtflB 

1tci'Ti:n'>rs  )i('|i:)loL'enic   theory  of  diabetes   in  the  preseiiOtt  ^f^H 


i 
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Ill 

disease  with  a  degree  of  cirrhosis  which  had  ahnost  destroyed  the 
structure  of  the  liver.* 

In  1848  Dr.  Budd  succeeded  Sir  Thomas  Watson  as  Professor  of 
Medicine  in  King's  College,  and  was  appointed  Physician  to  its  Hos- 
pital. He  held  this  office  for  more  than  twenty  years,  and  was  actively 
engaged  in  teaching  and  with  increasing  private  practice.  He  was  a 
clear,  emphatic,  and  persuasive  lecturer,  and  in  his  clinical  work,  in 
both  private  and  hospital  practice,  showed  excellent  examples  of 
patient,  exacting,  and  complete  inquiry,  and  of  careful  study. 

In  1866,  with  failing  health,  he  retired  from  active  life,  and,  from 
that  time  to  his  death,  in  March,  1882,  lived  quietly  and  studiously 
among  his  friends  in  Devonshire.  The  influence  of  his  admirable 
personal  character,  and  of  his  constancy  in  the  patient,  thoughtful 
striving  for  exact  knowledge,  will  long  survive  among  his  many 
friends  and  pupils.  In  the  history  of  medical  science  he  will  worthily 
rank  with  his  brother,  William  Budd,  a  distinguished  Fellow  of  the 
Society,  to  whom  we  owe,  among  many  other  good  works,  the  first  and 
best  observations  on  the  transmission  of  the  typhoid  infection  in  the 
intestinal  excreta,  and  on  the  analogy  between  tuberculosis  and 
infective  fevers. — J.  P. 

*  Betides  tlie  above-named  works  Dr.  Budd  published  in  journals,  chieflj  in  the 
"  Medical  Gazette,"  sereral  short  papers  and  lectures,  including  the  Gulstonian  and 
Croonian  Lectures  delivered  at  the  College  of  Physicians  in  184A  and  1847. 


disease  with  a  degree  of  cirrhosis  which  had  almost  destroyed  the 
straciiire  of  the  liver.* 

In  1848  Dr.  Badd  succeeded  Sir  Thomas  Watson  as  Professor  of 
Medicine  in  KiDg*s  College,  and  was  appointed  Physician  to  its  Hos- 
pital. He  held  this  office  for  more  than  twenty  years,  and  was  actively 
engaged  in  teaching  and  with  increasing  private  practice.  He  was  a 
clear,  emphatic,  and  persuasive  lecturer,  and  in  his  clinical  work,  in 
hoth  private  and  hospital  practice,  showed  excellent  examples  of 
patient,  exacting,  and  complete  inquiry,  and  of  careful  study. 

In  1866,  with  failing  health,  he  retired  from  active  life,  and,  from 
that  time  to  his  death,  in  March,  1882,  lived  quietly  and  studiouslj 
among  his  friends  in  Devonshire.  The  influence  of  his  admirahle 
personal  character,  and  of  his  constancy  in  the  patient,  thoughtful 
striving  for  exact  knowledge,  will  long  survive  among  his  many 
friends  and  pupils.  In  the  history  of  medical  science  be  will  worthily 
rank  with  his  brother,  William  Budd,  a  distinguished  Fellow  of  the 
Society,  to  whom  we  owe,  among  many  other  good  works,  the  first  and 
best  observations  on  the  transmission  of  the  typhoid  infection  in  the 
intestinal  excreta,  and  on  the  analogy  between  tuberculosis  and 
infective  fevers. — J.  P. 

Joseph  Decaiske,  though  so  long  a  prominent  figure  in  the  French 
scientific  world,  was  by  birth  a  Belgian,  having  been  bom  in  Brussels, 
March  11, 1807.  His  brother,  who  survives  him,  is  Honorary  Inspector- 
General  of  the  Belgian  Army  Medical  Service.  Decaisne  entered  the 
Jardin  des  Plantes,  where  the  whole  of  his  subsequent  life  was  to  be 
spent,  as  a  gardener,  at  the  eatly  age  of  seventeen.  He  made  his  first 
contribution  to  botanical  literature  in  1831,  in  a  paper  on  the  oharaoters 
of  the  French  species  of  Hemtaria;  in  1840  he  was  attached  to  the 
Herbarium  as  aide  naturcUisie^  finally  returning  to  the  Garden  as  Pro* 
fesseur  de  Culturs  and  Directeur  in  succession  to  Mirbel.  The  half- 
century  from  Mirbel  to  the  present  day  covers  our  whole  modem  know- 
ledge of  the  histology  and  morphology  of  plants.  The  demonstrations 
of  our  class-rooms  already  seem  a  little  commonplace ;  yet  they  deal 
with  structures  and  phenomena  which,  when  Decaisne  first  began  to 
work,  were  things  undreamt  of. 

In  1837  he  published  a  memoir  on  the  anatomy  and  physiology  of 
the  madder-plant  and  the  development  of  its  colouring  matter.  This 
was  an  excellent  piece  of  work,  remarkable  at  its  time  as  an  example 
of  detailed  study  of  the  structure  and  life-history  of  an  individual 
plant.  At  a  very  early  period  he  tamed  his  attention  to  the  serious 
study  of  AlgcBf  and  it  is  perhaps  in  conuexion  with  this  g^up  that  he 

*  Besides  the  above-named  works  Dr.  Budd  published  in  journals,  chieflj  in  the 
**  Medical  Gazette/'  several  short  papers  and  lectures,  including  the  OuUtouian  and 
Croonian  Lectures  delirered  at  the  College  of  Phjsicians  iii  1843  and  1847. 
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has  left  his  most  indolible  mark  in  botanical  science.  In  IS41  I 
showed  once  for  b,U  that  the  Polypiem  calciferet  of  Lamouronx  W» 
not  merely  .■ihjo',,  but  that  the  tiffinitiea  of  the  diverse  types  which  tin 
comprised  could  be  determined  with  some  certainty.  This  conclaait 
was  not  a  Lfippy  guess,  but  was  based  on  a  laboriona  examination  i 
the  whole  flass  of  Algm  with  the  object  of  arranging  their  cheiot 
assemblage  oti  a  ba^is  approaching  as  nearly  as  possible  to  a  natnr 
classification.  The  resulla  were  given  in  an  elaborate  paper,  pnblislif 
in  18i2.  The  diviaions  proposed  are  not  essentially  very  diSerei 
from  those  nliicb  are  generally  accepted  at  the  present  day  ;  and  C^ 
were  really  ninfo  natural  tlian  the  snl^eequent  but  far  raoro  artiflra 
c lass iii cation  [u-oposed  by  Uarvey,  which  haij  long  held  its  grauwll 
this  country.  * 

In  this  particular  lino    Decaisne    himself,  owing  probably  to  i 
distraction  (if  his  energy  by  official   duties,  did   little  more- 
withstanding  this,  he  must  always  be  regarded    as   the   founilBr] 
the  French  nchool  of  Algology,  the  literature  of  which  i 
of  our  present  knowledge  of  this  branch  of  vegetable  morpfaOlg 
In  18.)9  Tbui-et  came  to  Paris,  and  received  from  Decaisne  isBtj 
tion  in  the  rudinientB  of  botany.      Decaisne  and  Tliurct  began  to  m 
together  on  tlie  reproduction  of  Fwiis,  which  they  procured  from-l| 
fish-mai'ket  of  Paris.     They  soon  found  it,  however,  neccssarf  to  l| 
the   const   to  carry  on  their  observations,  the  reaulta  of  nbu^  1 
published    in    1844'   in  a   joint   paper   in   which   they  lirat  t 
described  the  aiitherozoida,  assigning  to  them  their  tme  functioiii  t 
gave  an  account  in  some  of  the  upecies  of  the  boautifnl  process  of  t 
division  of  the  primary  ooaph ere.    After  Decaiane's  appointment  toth 
Dii-ection  i)f  tlje  Jardin  ilea  Plantea,  Thuret  carried  on  hia  algologicq 
work  for  a  time  alone,  ultimately  associating  himself  with  Dr.  BonM 
who  is  hiippilj  still  living,  and  occopied  with  the  gradual  poblii 
of  their  joint  and  classical  worlc. 

in  18-J»  Deeuisne  began  the  publication  of  "Lo  Jardiu  F-Tid 
j^luseuni,"  which  was  only  brought  to  completion  within  (k  f(W  J 
of  his  deatli.      This  in  form  is  one  of  the  most  snmptuoi 
botanical  books  ;  in  matter  it  is  a  monument  of  patient  labour  o 
cultiviiteil  forms   of  frnit-plants,  elaborated   in  the  thorough  | 
the  natiir-.dist ;  iu  value  in  a  scientiiic  sense  will  gain  with  tima  ^ 
the  races  ligured  and  described  in  it  are  supplanted  and  lost.  Stu 
in  the  future  "III   turn  to   Decaisnc's  minute  and  laborioDS  | 
fonijiare  thr-  jiliiisus  of  variation  which  he  has  permanently  P 
In    tauL'li  oi\n-i-  tvork   of   thiH   kind  he   bad   the   collaboration   of  J 
friend   Xaudiji,    now   director   of    the    botanical    station    at   ThlQ 
country  seat  ut   Antibes,   which   the  heirs  of  the  latler  prosillit^ 
the  Freiicli  Government. 

Decaisne  did  not,  however,  by  any  means  devote  all  his  CU 


the  stadj  of  the  forms  of  oaltivated  plants  under  bis  obarge.  He 
was  always  occupied  with  the  elaboration  of  oarefiil  dissections  and 
descriptions  of  new  and  interesting  genera  and  species  of  plants.  He 
was  an  admirable  draughtsman,  and  the  *'  Trait6  G^n^ral  de  Bota- 
nique,  Descriptive  et  Analjtique,"  which  he  published  in  conjunction 
with  Le  Maout  in  1868,  is  a  perfect  treasure-house  to  the  student, 
enriched  on  every  page  with  the  results  of  his  minute  and  careful 
observations  and  the  work  of  his  accurate  pencil. 

Besides  this  elaborate  review  of  the  whole  vegetable  kingdom, 
Decaisne  published  many  useful  contributions  to  detailed  systematic 
botany.  Amongst  these  may  be  mentioned  his  classical  memoir  on 
the  Lardizabaleoe  (1837),  that  on  Pomacece,  and  the  AsdepiadecB  and 
PlantaginecB,  elaborated  for  De  Candolle*s  "  Prodromas." 

To  the  period  of  his  attachment  to  the  herbarium  of  the  Jardin  des 
Plantes  belong  his  few  but  standard  contributions  to  phytogeographic 
literature.  These  include  papers  on  the  plants  of  Arabia  Felix,  Egypt, 
Sinai,  and  Timor.  Morphological  botany  owes  to  him,  besides  the 
memoir  on  madder  already  mentioned,  a  well-known  research  (1841) 
on  the  development  of  the  poUen  and  ovule  and  the  structure  of  the 
stem  of  mistletoe  {Viscum  album),  and  a  stady  on  the  floral  organogeny 
of  the  pear  (1857),  the  excellence  of  which  shows  how  much  Decaisne 
could  have  done  in  this  branch  of  botany  had  his  circumstances  and 
leisure  allowed  him  to  devote  more  attention  to  it. 

In  1842,  on  the  death  of  Guillemin,  he  was  associated  with  Adolpbe 
Brongniart  in  the  editorship  of  the  botanical  part  of  the  "Annales 
des  Sciences  Naturelles,"  and  on  the  death  of  the  latter  became  sole 
editor.  In  1847  he  was  elected  a  member  of  the  lostitute,  taking  the 
place  of  Datrocbet.  In  1864  he  was  President  of  the  Acad^mie  des 
Sciences ;  and  in  1877  was  elected  a  Foreign  Member  of  the  Royal 
Society.  He  was  one  of  the  principal  founders  of  the  Botanical 
Society  of  France  in  1854,  and  as  long  as  health  allowed  was  an 
assiduous  attendant  at  its  meetings. 

The  note  of  Decaisne*s  scientific  work  was  patient  and  laborious 
observation  of  facts.  He  was  one  of  those  whose  life  was  spent  in 
making  sure  the  foundations  of  taxonomic  botany,  and  every  subee- 
qnent  worker  will  build  the  more  securely  for  what  Decaisne  has 
done.  That  his  mental  character  was  essentially  precise  and  matter* 
of-fact  is  merely  what  we  should  expect  from  the  direction  of  his 
work.  From  this  no  doubt  it  followed  that  the  doctrines  of  evolution, 
which  in  England  and  Germany  have  given  a  new  impulse  to  biolo- 
gical study,  interested  him  little.  Not  that  his  mind  was  wanting  in 
flexibility  to  new  ideas  :  he  warmly  supported  the  investigations 
made  by  Bornet  in  confirmation  of  Schwendener*s  theory  as  to  the 
nature  of  lichens — a  view  which  has  met  with  much  opposition  from 
the  older  botanists  who  are,  for  the  moHt  part,  unwilling  to  abandon 


has  left  his  most  indelible  mark  in  botanical  scionce.      Ja  1841  ] 
showed  onco  foi-  all  that  the  Poli/piers  cdcifirnt  of  Lamoaronx  wo 
not  merely  Aljir,  bat  that  tbo  affinities  of  the  divcreo  tjpea  whiuh  IJ 
comprised,  could  be  dotermined  with  some  certiiinty.     Thia  conclof 
was  not  a  hajipj  gtiees,  but  was  l)a.wd  on  a  Uborioaa  esaminatiaih 
the  wholo  class  of  Algce  with  the  object  of  arranging  thoir  cbt 
assemblage  ou  n  batiis  approaching  as  ncarl/  ae  possible  to  a  n&ta 
classification.    The  results  were  given  iu  an  elaborate  paper,  publia 
in  1812,     The  diviaiooa  proposed  are  not  essentially  very  dtffei 
from  those  whieh  are  generally  accepted  at  the  present  day  ;  and  Hh 
were  really  more  natural  than  the  subsequent   but  far  more  artifice 
classification  proposed  by  Harvey,  which  lias  long  held  its  grouod  j 
this  country,  J 

In  this  particular  line    Decaisno   himself,  owing  probably  to.fl 
distraction  of  Ins  energy  by  official   duties,  did    little  moro.     ol 
withstanding  diis,  be  mnst  always  bo  regarded   as   the   foundmS 
the  French  school  of  AJgology,  the  litei'atare  of  which  is  th*  ij 
of  our  present  knowledge  of  tills  branch  of  vegetable  niorpli(il^| 
In  18'iD  Thuret  came  to  Paris,  and  received  from  Decaiane  iost^ 
tion  in  the  rmiimenta  of  botany.     Decaisne  and  Thnret  began  to  w#r 
together  on  tiie  reproduction  of  Fiickm,  wbich  they  procured  from  tJi 
fish-market  of  Paris.     They  soon  found  it,  however,  nccesmry  to  1( 
the   const   to  carry  on  their  observations,  the  resnltfi  of   wkicli  1 
publiwhed    in    lS4i   in  a  joint  paper   in   which   they   first  accon 
described  the  aniherozoids,  assigning  to  them  their  true  function, 
gave  an  account  in  some  of  the  species  of  the  beautiful  proceM  of 
division  of  the  primary  oosphere.    After  Deoaisne'a  appointment  U, 
Direction  of  the  Jardin  des  Plantcs,  Thuret  carried  on  his  algol^ 
work  for  a  time  alone,  ultimately  associating  himself  with  Dr.  Bo 
who  is  happily  still  living,  and  occupied  with  the  gradual  pablicfl 
of  their  joint  and  classical  work. 

Ilk  W/H  Uecai sue  began  the  pablication  of  "  Le  Jardin  fnutUH 
Jlluseuni,"  wbicii  was  only  brought  to  completion  witliin  &  faw  J 
of  his  death.     Tliis  in  form  is  one  of  the  most  sumptuous  of  moi 
hotuiiieal  books  ;  in  matter  it  is  a  monument  of  patient  labour  oo. 
cultivated  forms  of  frnit-plania,  elaborated  in  the  thorough  spirit  « 
tlic  naturalist ;  ita  value  in  a  scientific  sense  will  gain  with  timu  whw 
the  r^iecs  figured  iiiid  described  in  it  are  supplanted  and  lost.  Stndaot 
in  the  future  wdl  turn  to  Docaisne's  minute  and  laborious  pagHJj 
eomparo  the  pbaaes  of  variation  which  he  has  permanently  v 
In  much  otiicr  work  of  this  kind  lie  had  the  collaboration  etj] 
friend   Naudin,  now  director  of  the   botunical    statio 
country  seat  at  Antibes,  wbich  the  heifs  of  the  tatter  j 
tbo  French  Government. 

Decaisne  did  not,  however,  by  an;  means  devote  all  X 


the  stad J  of  the  forma  of  oaltivated  plants  under  bi#  obarge.  He 
was  always  occupied  with  the  elaboration  of  oarefiil  dissections  and 
descriptions  of  new  and  interesting  genera  and  species  of  plants.  He 
was  an  admirable  draughtsman,  and  the  **  Trait6  G^n^ral  de  Bota- 
nique,  Descriptive  et  Analjtique,"  which  he  published  in  conjunction 
with  Le  Maout  in  1868,  is  a  perfect  treasure-house  to  the  student, 
enriched  on  every  page  with  the  results  of  his  minute  and  careful 
observations  and  the  work  of  his  accurate  pencil. 

Besides  this  elaborate  review  of  the  whole  vegetable  kingdom, 
Decaisne  published  many  useful  contributions  to  detailed  systematic 
botany.  Amongst  these  may  be  mentioned  his  classical  memoir  on 
the  LardizahalecB  (1837),  that  on  Pomacem^  and  the  Asclepiadece  and 
PlantaginecB,  elaborated  for  De  Candolle*s  "  Prodromus." 

To  the  period  of  his  attachment  to  the  herbarium  of  the  Jardin  des 
Plantes  belong  his  few  but  standard  contributions  to  phytogeographio 
literature.  These  include  papers  on  the  plants  of  Arabia  Felix,  Egypt, 
Sinai,  and  Timor.  Morphological  botany  owes  to  him,  besides  the 
memoir  on  madder  already  mentioned,  a  well-known  research  (1841) 
on  the  development  of  the  pollen  and  ovule  and  the  structure  of  the 
stem  of  mistletoe  {Viscum  album),  and  a  study  on  the  floral  organogeny 
of  the  pear  (1857),  the  excellence  of  which  shows  how  much  Decaisne 
could  have  done  in  this  branch  of  botany  had  his  circumstances  and 
leisure  allowed  him  to  devote  more  attention  to  it. 

In  1842,  on  the  death  of  Guillemin,  he  was  associated  with  Adolphe 
Brongniart  in  the  editorship  of  the  botanical  part  of  the  '*  Annales 
des  Sciences  Naturelles,"  and  on  the  death  of  the  latter  became  sole 
editor.  In  1847  he  was  elected  a  member  of  the  lostitute,  taking  the 
place  of  Datrochet.  In  1864  he  was  President  of  the  Acad^mie  des 
Sciences;  and  in  1877  was  elected  a  Foreign  Member  of  the  Royal 
Society.  He  was  one  of  the  principal  founders  of  the  Botanical 
Society  of  France  in  1854,  and  as  long  as  health  allowed  was  an 
assiduous  attendant  at  its  meetings. 

The  note  of  Decaisne's  scientific  work  was  patient  and  laborious 
observation  of  facts.  He  was  one  of  those  whose  life  was  spent  in 
making  sure  the  foundations  of  taxonomic  botany,  and  every  subse- 
quent worker  will  build  the  more  securely  for  what  Decaisne  has 
done.  That  his  mental  character  was  essentially  precise  and  matter- 
of-fact  is  merely  what  we  shoald  expect  from  the  direction  of  his 
work.  From  this  no  doubt  it  followed  that  the  doctrines  of  evolution, 
which  in  England  and  Germany  have  given  a  new  impulse  to  biolo- 
gical study,  interested  him  little.  Not  that  his  mind  was  wanting  in 
flexibility  to  new  ideas  :  he  warmly  supported  the  investigations 
made  by  Bornet  in  confirmation  of  Schwendener's  theory  as  to  the 
natnre  of  lichens — a  view  which  has  met  with  much  opposition  from 
the  older  botanists  who  are,  for  the  moKt  part,  unwilling  to  abandon 


the  conception  of  lichens  as  autonomona  or^niBms.  His  methoc 
'vrork,  partly  no  doabt  cramped  by  tbe  inroada  on  his  time  of  offi 
duties,  made  liirn  moie  and  more  disinclined  to  generalise  from  Is 
series  of  facta.  In  striving  for  minute  accuracy  he,  eBpecially  in 
later  work,  jtomewhat  lost  tbe  gift  of  seeing  things  in  a.  lai 
perspective. 

He  was  never  married,  and  to  his  friend  Bornet  fell  the  lfl( 
watching  his  last  monaeni*.^ — W.  T.  T.  D. 


the  stndj  of  the  forms  of  cnltiyated  plants  under  his  charge.  He- 
was  always  occupied  with  the  elaboration  of  careful  dissections  and 
descriptions  of  new  and  interesting  genera  and  species  of  plants.  He 
was  an  admirable  draughtsman,  and  the  "  Traits  G6n6ral  de  Bota- 
nique,  Descriptive  et  Analjtique,"  which  he  published  in  conjunction 
with  Le  Maout  in  1868,  is  a  perfect  treasare-house  to  the  student, 
enriched  on  every  page  with  the  results  of  his  minute  and  careful 
observations  and  the  work  of  his  accurate  pencil. 

Besides  this  elaborate  review  of  the  whole  vegetable  kingdom, 
Decaisne  published  many  useful  contributions  to  detailed  systematic 
botany.  Among  these  may  be  mentioned  his  classical  memoir  on 
the  Lardizabalece  (1837),  that  on  PomocecB,  and  the  A$clepiade(B  and 
PlantagtnecB,  elaborated  for  De  Candolle's  **  Prodromus." 

To  the  period  of  his  attachment  to  the  herbarium  of  the  Jardin  des 
Plantes  belong  his  few  but  standard  contributions  to  phytogeographio 
literature.  These  include  papers  on  the  plants  of  Arabia  Felix,  Egypt, 
Sinai,  and  Timor.  Morphological  botany  owes  to  him,  besides  the 
memoir  on  madder  already  mentioned,  a  well-known  research  (1841) 
on  the  development  of  the  poUen  and  ovule  and  the  structure  of  the 
stem  of  mistletoe  {Viscum  cUbum),  and  a  study  on  the  floral  organogeny 
of  the  pear  (1857),  the  excellence  of  which  shows  how  much  Decaisne 
could  have  done  in  this  branch  of  botany  had  his  circumstances  and 
leisure  allowed  him  to  devote  more  attention  to  it. 

In  1842,  on  the  death  of  Guillemin,  he  was  associated  with  Adolphe 
Brongniart  in  the  editorship  of  the  botanical  part  of  the  '^Annales 
des  Sciences  Naturelles,"  and  on  the  death  of  the  latter  became  sole 
editor.  In  1847  he  was  elected  a  member  of  the  Institute,  taking  the 
place  of  Dntrocbet.  In  1864  he  was  President  of  the  Academic  des 
Sciences;  and  in  1877  was  elected  a  Foreign  Member  of  the  Royal 
Society.  He  was  one  of  the  principal  founders  of  the  Botanical 
Society  of  France  in  1854,  and  as  long  as  health  allowed  was  an 
assiduous  attendant  at  its  meetings. 

The  note  of  Decaisne's  scientific  work  was  patient  and  laborious 
observation  of  facts.  He  was  cue  of  those  whose  life  was  spent  in 
making  sure  the  foundations  of  taxonomic  botany,  and  every  subse- 
quent worker  will  build  the  more  securely  for  what  Decaisne  has 
done.  That  his  mental  character  was  essentially  precise  and  matter- 
of-fact  is  merely  what  we  should  expect  from  the  direction  of  his 
work.  From  this  no  doubt  it  followed  that  the  doctrines  of  evolution, 
which  in  England  and  Germany  have  given  a  new  impulse  to  biolo* 
gical  study,  interested  him  little.  Not  that  his  mind  was  wanting  in 
flexibility  to  new  ideas  :  he  warmly  supported  the  investigations 
made  by  Boruet  in  confirmation  of  Schwendener's  theory  as  to  the 
nature  of  lichenB — a  view  which  has  met  with  much  opposition  from 
the  older  botanists  who  are,  for  the  most  part,  unwilHog  to  abandon 


the  conception  of  ticfaens  as  anlAiionionB  organismB.  Sia  meuod  of 
work,  partly  no  doubt  cramped  bj-  the  inroads  on  his  time  of  official 
duties,  made  Iiim  more  and  more  disinclined  to  generalise  from  Jorge 
fieries  of  facts.  In  striving  for  ininnto  accuracy  he,  especially  in  hia 
later  work,  noniewhat  lost  the  gift  of  seeing  thinga  in  a  larger 
perspective. 

He  WM  never  mari-ied,  and  to  hia  friend  Bornet  fell  the  lot  of 
watching  his  last  moments. — W.  T.  T.  D. 

Sib  James  Aldbrson  waa  bom  at  Hall  on  the  30tb  December,  1794. 
He  was  the  youngest  son  of  Dr.  John  Alderaon,  an  eminent  phyeician 
of  Hull,  who  had  for  many  years  an  extensive  practice  in  the  East 
Biding  of  Yorkshire.  Young  Alderaon  received  his  early  education 
jipit  a  school  in  his  native  town  kept  by  the  Rev.  George  Lee,  a  DIb- 
aenting  clergytniin,  and  aftemards  (in  the  year  ISiS)  proceeded  to 
Cambridge  and  entered  at  Pembroke  College,  and  four  years  afltor 
took  the  degree  of  B.A.  with  the  distinction  of  being  Sixth  'Wrtijiglor 
of  that  year.  He  was  soon  afterwards  elected  a  Fellow  of  Pembroke, 
and  in  due  course  received  the  degree  of  M.A.  Having  chosen  medi- 
cine as  hia  profession,  he  pnrsned  his  studies  in  London  and  Kdin- 
burgh,  and  subsequently  went  to  Osford,  and  being  incorporated 
at  Magdalen  Hall,  received  the  M.D.  degree  in  1829.  The  following 
year  he  became  a  Fellow  of  the  College  of  Physicians,  and  for  a  abort 
time  settled  in  London  with  the  object  of  practising  his  profession, 
dnriiig  which  period  of  hia  career  he  held  the  oEBoe  of  Physician  to 
the  Public  Dispensary.  On  the  death  of  hia  father,  however  (in 
18'2!'),  lie  reroovcd  to  Hull,  where  he  rapidly  acquired  a  largo  cxn^ 
uniting  pracfice  in  the  town  and  neighbourhood.  He  was  mnOh 
respected  by  his  professional  brethren  and  by  the  general  public,  Dsd 
took  a  warm  interest  in  promoting  every  scheme  likely  to  advance  the 
educational  movement  of  the  day. 

In  1 S-1-.)  Dr.  Aliierson  returned  to  London,  and  waa  elected  one  of 
the  Pliysiciana  of  St,  Mary's  Hospital,  the  duties  of  which  appoint- 
ment he  discharged  with  great  seal  for  nearly  twenty  years;  am!  oo 
his  relircment  after  this  long  service,  he  still  retained  a  connexion 
with  the  institution  by  acceptiug  the  compliment  paid  to  lum  by 
the  novemora  in  unanimously  electing  him  Consniting  Physician. 

Having  iK^i-n  elected  a  Fellow  of  the  College  of  Phyaiciana  in  1830, 
nnd  shown  much  interest  in  the  changes  which  were  gradually  taking 
[ihice  it)  till'  medical  corporations,  and  more  especially  in  the  College 
of  Physirians,  he  was  appointed  Treaaurer  of  the  College  in  I85i,  alt 
ollice  for  whi(.']i,  from  the  methodical  and  exact  bent  of  his  mind,  h«was 
j^riiliarly  fitted.  This  office  ho  resigned  in  1607  on  his  being  cliown 
Pri'sident  of  the  College,  receiving  the  honour  of  re-election  in  tl 
four  lollowinpr  years.     He  was  the  representative  of  the  College  at  tl 
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General  Gounoil  of  Medical  Education  and  Registration  for  1864, 
1865,  and  1866.  In  1869,  Dr.  Alderson  had  the  honour  of  knight- 
hood  conferred  on  him,  and  in  the  following  year  the  honorary  degree 
of  D.C.L.  by  the  University  of  Oxford. 

Five  years  later  Sir  James  Alderson  was  appointed  Physician  Ex- 
traordinary to  Her  Majesty. 

Though  an  observant  and  experienced  physician,  he  was  not  a 
frequent  contributor  to  the  literature  of  his  profession.  He  delivered 
the  Lumleian  Lectures  in  1852  and  1853,  and,  what  is  unusual,  was 
twice  appointed  to  deliver  the  Harveian  Oration,  viz.,  in  1854  and 
1867.  He  pointed  out  and  described  collapse  of  the  lung  in  connexion 
with  whooping-cough  in  a  paper  read  before  the  Medico-Ghirurgical 
Society,  and  published  in  the  Transactions  of  that  Society. 

He  was  also  the  author  of  a  work,  published  in  1847,  on  '*  Diseases 
of  the  Stomach  and  Alimentary  Canal,"  in  which  he  embodied  the 
result  of  his  extensive  experience  in  a  most  important  class  of 
diseases. 

Charles  Ansell,  a  distinguished  actuary,  for  many  years  known 
as  the  father  of  his  profession,  was  bom  in  December,  1794.  When 
14  years  old,  he  entered  the  "  Atlas  "  office  as  a  junior,  and  two  years 
later  was  appointed  on  the  staff.  In  1823  he  was  raised  to  the  post  of 
Actuary  of  the  Company,  which  he  retained  till  1864,  a  period  of  41 
years.  He  then  retired,  but  retained  the  office  of  Consulting  Actuary. 
He  held  the  same  responsible  post  in  several  other  societies,  and 
among  them  the  National  Provident,  of  which  he  completed  the  Bcnu$ 
investigation  when  in  his  80th  year — a  notable  tour  de  force  for  one  of 
so  advanced  an  age. 

Mr.  Ansell  was  often  consulted  by  the  Government  on  subjeoto 
bearing  on  national  finance,  and  in  1864  was  warmly  oommended  by 
Mr.  Gladstone.  He  was  also  examined  before  several  Select  and 
Boyal  Commissions,  on  questions  involving  actuarial  considerations. 
He  was,  however,  best  known  for  the  services  he  rendered  to 
Friendly  Societies,  on  which  subject  he  wrote  a  valuable  treatise  in 
1835,  having  been  elected  F.B.S.  the  previous  year.  This  treatiaa 
was  issued  as  one  of  the  series  published  by  the  Society  for  the 
DifEusion  of  Useful  Knowledge,  which  body  is  credited  with  the 
first  successfnl  attempt  to  collect  facts  bearing  on  the  sickness  and 
mortality  of  the  working  classes  of  England.  The  Society  caused 
schedules  to  be  printed  and  circulated,  and  those  returns  which  were 
least  imperfect  among  them  Mr.  Ansell  used  as  materials  for  his  tables 
and  calculations.  The  comprehensive  and  scientific  character  of  this 
work  may  bo  inferred  from  the  fact  that  it  treats  of  "  The  Doctrine  of 
Interest  of  Money"  and  "The  Doctrine  of  Probability,"  oontaina 
numerous  tables,  and  an  appendix  of  the  Acts  of  Parliament  relating 


the  conception  of  lichens  as  sntonomons  organienu. 

■work,  partly  uo  doubt  cramped  by  the  inroads  on  his  time  of  official 

dnties,  made  liiui  more  and  more  diEinclined  to  generalise  from  large 

series  of  factR.     In  striving  for  minnte  accnraoy  he,  especially  in  his 

Iftter   work,  somewhat  lost   the  gift    of    aeeing  things   in   a  larger 

perspective. 

He  was  never  married,  and  to  his  friend  Bomet  fell  the  lot  of 
■watching  his  last  moments. — W".  T.  T.  D. 

Sir  James  Alderson  was  born  at  Hnll  on  the  SOtt  December,  1?94. 
He  waa  the  youngest  son  of  Dr.  John  Aldersoo,  an  eminent  phyaicion 
of  Hull,  who  had  for  many  yeara  an  extensive  jiraotice  in  the  Kast 
Eiding  of  Yorkshire.  Young  Alderaon  received  hia  early  education 
^t  a  school  in  his  native  town  kept  by  the  Rev.  George  Lee,  a  Dis- 
senting clergyuiiin,  and  afterwards  (in  the  year  1818)  prooemled  to 
Cambridge  and  entered  at  Pembroke  College,  and  four  years  allor 
took  the  degi-ee  of  R.A.  with  the  distinction  of  being  SistK  Wtnnffltfr 
of  that  year.  He  wa-s  soon  afterwards  elected  a  Fellow  of  Pembmkv. 
and  in  due  course  received  the  degree  of  M,A.  Having  cliosen  medi- 
cine as  his  profession,  he  pnraned  his  studies  in  London  and  Edtn- 
bnrgh,  and  subsequently  went  to  Oifoi-d,  and  being  iocorpomtcd 
at  Magdalen  Hall,  received  the  M.D,  degree  in  1829.  The  following 
year  he  became  a  Fellow  of  the  College  of  Physicians,  and  for  a  efaort 
time  settled  in  London  with  the  object  of  practising  his  profession, 
during  which  period  of  hia  career  he  held  the  office  of  Physician  to 
tbe  Public  Di.spensary.  On  the  death  of  his  father,  howevsr  (ia 
lS'2i>)'  I'o  removed  to  Hull,  where  he  rapidly  acquired  a  largo  o(m> 
suiting  practice  iu  the  town  and  neighbourhood.  He  wnu  much 
respected  by  bis  professional  brethren  and  by  tbe  general  public,  Ami 
took  a  warm  interest  in  promoting  every  scheme  likely  to  advaniw  tfae 
educational  movement  of  the  day. 

In  1&4.^  Dr.  Alderson  retnrued  to  London,  and  was  elected  one  of 
the  Pliysieiana  of  St.  Mary's  Hospital,  the  dnties  of  which  appoint. 
nient  he  discharged  ■with  great  leal  for  nearly  twenty  years;  and  aa 
his  retirement  after  this  long  service,  ho  still  retained  a  connesioai 
with  the  institution  by  accepting  the  compliment  paid  to  him  bjf 
the  Governiirs  in  unanimously  electing  him  Consulting  Physician. 

Havinj:  Utii  elected  a  Fellow  of  the  College  of  Physicians  in  1830, 
and  shown  much  interest  in  the  changes  which  were  gradually  taking 
phice  in  the  meillcal  corporations,  and  more  especially  in  the  CoUeg«' 
of  riiysicians.  he  was  appointed  Treasurer  of  the  College  in  18&4,t» 
oflico  for  wliici],  from  the  methodical  and  exact  bent  of  his  mind,  hawM 
pi'i-iiliiirly  lilted.  This  office  ho  resigned  iu  I6G7  on  bis  being  choani 
President  of  the  College,  receiving  the  honour  of  re-election  in  tko 
four  following  years.     He  was  the  representative  of  the  College  attfa* 
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Oeneral  Goimoil  of  Medical  Education  and  Begisfcration  for  1864, 
1865,  and  1866.  In  1869,  Dr.  Alderson  had  the  honour  of  knight- 
hood  conferred  on  him,  and  in  the  following  year  the  honorary  degree 
of  D.C.L.  by  the  University  of  Oxford. 

Five  years  later  Sir  James  Alderson  was  appointed  Physician  Ex- 
traordinary to  Her  Majesty. 

Though  an  observant  and  experienced  physician,  he  was  not  a 
frequent  contributor  to  the  literature  of  his  profession.  He  delivered 
the  Lumleian  Lectures  in  1852  and  1853,  and,  what  is  unusual,  was 
twice  appointed  to  deliver  the  Harveian  Oration,  viz.,  in  1854  and 
1867.  He  pointed  out  and  described  collapse  of  the  lung  in  connexion 
with  whooping-cough  in  a  paper  read  before  the  Medico-Ghimrgical 
Society,  and  published  in  the  Transactions  of  that  Society. 

He  was  also  the  author  of  a  work,  published  in  1847,  on  '*  Diseases 
of  the  Stomach  and  Alimentary  Canal,"  in  which  he  embodied  the 
result  of  his  extensive  experience  in  a  most  important  class  of 
diseases. 

Charles  Ansell,  a  distinguished  actuary,  for  many  years  known 
as  the  father  of  his  profession,  was  bom  in  December,  1794.  When 
14  years  old,  he  entered  the  "  Atlas  "  office  as  a  junior,  and  two  years 
later  was  appointed  on  the  staff.  In  1823  he  was  raised  to  the  post  of 
Actuary  of  the  Company,  which  he  retained  till  1864,  a  period  of  41 
years.  He  then  retired,  but  retained  the  office  of  Consulting  Actuary. 
He  held  the  same  responsible  post  in  several  other  societies,  and 
among  them  the  National  Provident,  of  which  he  completed  the  Bcnui 
investigation  when  in  his  80th  year — a  notable  tour  de  force  for  one  of 
so  advanced  an  age. 

Mr.  Ansell  was  often  consulted  by  the  Government  on  subjects 
bearing  on  national  finance,  and  in  1864  was  warmly  oommended  by 
Mr.  Gladstone.  He  was  also  examined  before  several  Select  and 
Boyal  Commissions,  on  questions  involving  actuarial  considerations. 
He  was,  however,  best  known  for  the  services  he  rendered  to 
Friendly  Societies,  on  which  subject  he  wrote  a  valuable  treatise  in 
1835,  having  been  elected  F.B.S.  the  previous  year.  This  treatise 
was  issued  as  one  of  the  series  published  by  the  Society  for  the 
DifEusion  of  Useful  Knowledge,  which  body  is  credited  with  the 
first  successful  attempt  to  collect  facts  bearing  on  the  sickness  and 
mortality  of  the  working  classes  of  England.  The  Society  caused 
schedules  to  be  printed  and  circulated,  and  those  returns  which  were 
least  imperfect  among  them  Mr.  Ansell  used  as  materials  for  his  tables 
and  calculations.  The  comprehensive  and  scientific  character  of  this 
work  may  be  inferred  from  the  fact  that  it  treats  of  **  The  Doctrine  of 
Interest  of  Money"  and  "The  Doctrine  of  Probability,"  oontains 
numerous  tables,  and  an  appendix  of  the  Acts  of  Parliament  relating 


to  friendly  sDcietiea,     A  large  profeHsioual  pra 

on  this  poblii^ition.     He  died  December  14, 1881,  at  the  adr&nced  a 

of  87. 


Dbcihus  Bnaroir,  bom  September  30,  1800,  was,  as  his  aann 
implies,  the  tenth  sod  of  James  Barton,  one  of  the  most  enterprising 
and  Bnccessful  builders  of  his  day.  Ho  wan  practically  educated  fU 
an  architect  in  the  office  of  his  father,  who  at  that  time  was  exteii' 
sively  engaged  under  Mr.  Nash's  anperintendence  in  doBigning  and 
erecting  the  teiraees  which  sniround  the  Regent's  Park,  and  also  Uh 
Regent  StrL>et  improvements.  In  coneeqnencc  of  this  employment,  U 
has  been  credited  with  the  design  of  several  of  thoae  terraces,  bnt  thM( 
seems  no  foundation  for  the  report,  and  none  of  them  show  that 
careful  study  uf  design  and  detail,  which  marked  ail  his  subsequent 
works.  After  leaving  his  father's  office,  Mr.  Bui-ton  completed  his  pro- 
fessional education  in  the  office  of  Mr.  George  Maddox,  at  that  time  an 
architect  in  considerable  practice.  He  then,  without  any  interval 
devoted  to  foreign  travel  or  other  preparation,  entered  at  the  early  oga 
of  twenty.oiio  on  the  active  duties  of  his  profession,  and  awiag 
apparently  to  Oic  excellent  introdaction  afforded  by  his  father's  coo^ 
neiion,  he  commeuced  with  an  amount  of  employment  which  soeilU 
never  to  ha'vo  failed  him  daring  the  Sfty  years  that  he  continued  tu 
pi'actice  of  an  ai-chitect.  One  of  his  earliest  works  was  tha  nlB 
which  he  built  tor  Mr.  Greenongh  in  the  Regent's  Park,  which  H 
originally  eri^i.tcd  was  one  of  the  most  elegant  and  succeaafnl  aiit^ttli 
lions  of  the  Grecian  style  to  purposes  of  modern  domestic  arohiteotsM 
to  be  found  in  this  or  any  other  country.  1 

lu  1823  he  erected,  on  tho  east  side  of  the  Park,  the  Colosseum,  tq 
contain  the  Panorama  of  London,  drawn  by  Mr.  Homer.  This,  howi 
ever,  can  hfirdly  be  said  to  have  been  a  succeaaful  design,  tbougb  ^ 
was  only  another  exemplification  of  the  difficulty  of  combining  t&d 
rectilineal  lints  of  a  classical  portico  to  tke  circular  form  of  a  domic^ 
structure.  The  Roman  architects,  even  with  their  more  flexible  st^le, 
failed  in  produfing  a  bappy  result  in  the  Pantheon,  and  it  is  therefore 
not  to  be  wondered  at  that  we  saw  the  work  of  a  modern  architect 
who  atlemptf^d  fbe  same  thing  disappear  without  an  expression  oi 
rcprt't.  Ho  was  far  more  sncceasEul  in  the  arches  which,  in  1825,  ht 
was  commissioned  to  erect  on  Hyde  Park  Corner,*  The  arch  iMuiing  tQ 
Ituekingham  Pti lace,  though  somewhat  lacking  in  originality  of  destBlL 
is  a  singularly  elegant  adaptation  to  a  perfectly  legitimate  pnrpoRn 

*  Oii<>of  tli(i  tiuTior  Borrowa  of  Mr.  Burton's  life  irun  the  itiafigurcmmt  of  (Hfl 
nn-h  by  ila  bt'liii^  ii.«rd  u  s  pedeilot  tor  tlie  Duke  of  WcUlugton's  ataiua,  ft  purp 
for  "liicli  it  wild  dinfiularlj  ill-suiled.     He  felt  tliia  moat  kwnlj,  but  hMl  ha  It 
a,  ycai  longrr,  hi'  probably  miglil  liftve  bocu  couMiled  bj  iU  reuiui 
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of  the  Roman  trinmphal  archway.  The  screen  opposite  leading  into 
Hyde  Park,  thongh  showing  qnite  as  much  elegance,  is  more  original, 
and  like  some  of  the  park  lodges  which  he  erected  at  the  same  time, 
evinces  a  mastery  of  the  elements  of  design  in  the  classical  styles  that 
has  rarely  been  surpassed. 

Shortly  after  this  (1827)  the  Athenaeum  Club  was  erected  from  his 
designs,  and  this,  considering  that  it  was  one  of  the  first  of  its  class, 
and  that  a  very  small  sum  only  was  placed  at  his  disposal,  may  be 
considered  as  one  of  his  most  successful  works.  The  entrance  hall 
and  staircase  are  not  surpassed  for  dignity  of  design  by  anything  in 
any  club  in  London,  and  the  drawing-room,  both  in  its  proportions 
and  details,  is  one  of  the  most  beaatiful  rooms,  of  its  class,  anywhere 
to  be  seen. 

Before  these  works  were  completed  he  received  a  retainer  from 
Mr.  James  Ward  to  lay  out  and  design  the  villas  and  buildings  of 
Calverley  Park,  Tunbridge  Wells.  This  occupied  his  time  almost 
entirely  for  the  next  few  years,  and  after  that  he  seems  to  have  been 
no  longer  ambitious  of  public  employment,  but  to  have  been  content 
with  the  practice  of  his  profession  among  a  numerous  body  of  con- 
stituents who  kept  him  fully  and  profitably  employed  in  a  far  more 
agreeable  manner  than  in  the  struggle  for  what  are  considered  the 
great  prizes  of  the  profession.  All  his  works  consequently  in  which 
the  public  feel  much  interest  were  erected  during  the  first  ten  years 
of  his  professional  career.  During  the  remaining  forty,  till  his  retire- 
ment  in  1869,  he  erected  and  altered  innumerable  houses,  and  espe- 
cially horticultural  edifices  for  the  Dukes  of  Devonshire  and  Northum- 
berland, and  other  noblemen  and  gentlemen,  by  all  of  whom  he  was 
treated  more  as  a  friend  than  as  a  professional  adviser.  The  extreme 
amiability  of  his  character,  and  his  thoroughly  gentlemanly  conduct 
in  all  his  business  arrangements,  endeared  him  to  all  with  whom  he 
came  in  contact.  He  was  elected  a  Fellow  of  the  Royal  Society  in 
1832. 

In  no  instance  was  Mr.  Burton  ever  suspected  of  sacrificing  the 
interest  of  a  client  for  his  own  glorification,  or  for  the  indulgence  of 
his  own  individual  fancies.  Having  placed  at  his  client's  disposal  all  the 
resources  of  his  long  experience,  and  sound  practical  sense,  and  good 
taste,  he  set  at  once  loyally  to  carry  out  the  wishes  of  his  employer 
with  an  amount  of  self-negation  rare  in  the  profession.  Few  men 
have  consequently  gone  through  a  long  professional  career  with  a 
more  numerous  body  of  friends  and  fewer  enemies. 

Though  declining  to  compete  for  any  of  the  great  works  at  the  dis- 
posal of  Government,  Mr.  Burton  never  ceased  to  be  connected  with 
Her  Majesty's  Board  of  Works.  All  the  buildings  in  Kew  Gardens 
were  erected  from  his  designs  and  under  his  superintendence.  So 
were  those  in  the  Phconix  Park,  Dublin ;  and  the  Embassy  in  Paris 


was  for  some  time  under  his  cboTf^.     All  the  baildiiigs  mtiif 

Botanic  Gardens  and  the  Zoological  Gardens  were  designed  by  him 
Cnrionsly  enousrh  he  never  during  his  long  career  was  called  npoD  U 
erect  any  church  or  ecclesiastical  edifice  of  any  iniport-ance,  bat  Jm 
was  employed  conjointly  with  hia  friend  Sidney  Smirke  in  the  reaU 
ration  of  the  Temple  Chnrch,  i 

In  1869  Ml".  Burton  retired  from  the  active  porsmt  of  his  profofli 
sional  duties,  having  realised  an  ample  competence  by  their  exertaBB, 
and  spent  the  remaining  years  of  his  life  partly  at  St.  Leonard's, 
where  he  had  built  himself  a  charming  villa  residence,  and  partly  is 
London,  in  Oloacester  Houses,  where  ho  died.  Notwithstanding  hif 
failing  health  during  these  laat  few  years,  be  continued  to  dispeuM 
the  most  geuial  hospitality,  and  to  enjoy  the  social  intercourse  Of  hil 
numerous  friends  to  the  very  last  He  died  the  most  peaceful  d| 
deaths  at  the  ripe  old  age  of  eighty.one  years,  December  14, 1881<  fl 

J.  vm 

By  the  death  of  the  Bt.  Hon.  Sib  James  Colyile,  the  Sodeta 
lost  a  Fellow  of  the  Privileged  Class,  one  whose  disintereBt«d  aiifi 
judicious  labours  as  President  of  the  Asiatic  Society  of  Bengal,  aOOr 
tributed  materially  to  the  progress  of  science  in  British  India  foe  ■ 
decade  of  yiars,  during  which  time  all  the  resouroea  of  his  caltival*^ 
intellect,  of  his  high  official  position,  and  of  hie  hospitable  hooae,  weci 
aa  unobtrusi  vt'ly  as  liberally  placed  at  the  services  of  the  Society,  and 
its  members  i  lulividnnlly. 

James  William  Colvile,  bom  in  1810,  was  the  eldest  bob  d 
Andrew  Wedderburn  Colvile,  Bsq.,  of  Ochiltree  and  Crombie  in  Fil^ 
and  tlio  Hon.  Louisa  Mary  Eden,  sister  of  the  second  Lord  Aucldaadi 
the  latter  an  (.iovernor- General  of  India,  and  subseqaently  a»  FotI 
liord  of  the  Admiralty,  was  no  lees  distiaguished  than  his  nephew  f<H 
his  efforts  in  the  advancement  of  science.  From  Eton  he  Tveat  tc 
Triuity  Collfgp,  Cambrid^'e.  graduating  as  M.A.  in  1834.  after  haviog 
attained  the  rank  of  Senior  Optime ;  the  late  Bishop  Belwyn  boinj 
Junior  Optimo  in  the  same  year.  At  Cambridge  he  formed  nfatf 
proved  to  be  a  life-long  friendship  with  our  Fellow,  Lord  Hoaghtcoj 
He  was  ealU'd  to  the  Bar  (Inner  Temple)  in  183-5,  and  practised  as  wg 
efjaity  draftaruau  for  ten  years  at  chambers  in  Lincoln's  Inn.  In  18U 
be  acccpteil  the  office  of  Advocate- General  to  the  Hon.  East  Indil 
Company;  proceeding  tbcrenpon  to  Calcutta,  In  184fi  he  waa  raised  ll 
(he  Bench  nn  Puisne  Judge  of  the  Supreme  Coart  of  Bengal  and,  u  il 
usual  in  such  cases,  waa  knighted.  In  1855  he  succeeded  to  On 
Chief  Justi(«sbip,  which  he  held  for  four  years,  retiring  and  returBiB| 
lo  Eu;:liiiid  in  1859. 

During  his  residence  in  India  Sir  James  married  Frnnooa 
ihtuglilerofHirJohu  Peter  Grant,  K.C.B.,G.C.M.a.,ofBolbionii 
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formerly  Lieut.- Governor  of  Bengal,  and  sabsequentlj  Governor  of 
the  Island  of  Jamaica.  Lady  Colvile  survives  him,  but  their  only 
child,  a  son,  died  in  early  youth. 

Immediately  after  his  return  to  England  Sir  James  was  sworn  in  as 
a  Privy  Coancillor,  and  made  one  of  the  assessors  to  the  Judicial  Com- 
mittee of  the  Council  on  Indian  Appeals ;  his  fellow  assessor  being 
Sir  Lawrence  Peel,  his  predecessor  in  the  Chief  Justiceship  of  Bengal, 
and  his  most  intimate  friend.  In  1865  he  became  a  member  of  the 
Judicial  Committee  itself,  and  in  1871  (on  the  re-organization  of  the 
Council)  he  was  chosen  one  of  the  paid  judges  of  the  same. 

Sir  James  Colvile's  legal  attainments  were  of  a  very  high  order.  It 
is  written  of  him  by  a  competent  judge,  "  His  knowledge  of  Indian 
systems  of  law,  and  his  acquaintance  with  India  were  highly  valued 
by  his  colleagues  and  by  suitors ;  and  his  judgments  were  full  and 
exhaustive  statements,  often  of  cases  intricate  and  involved  in  the 
highest  degree.  According  to  the  custom  of  the  Privy  Council,  they 
embodied  the  opinions,  which  he  had  assisted  to  form,  of  other  judges  ; 
the  practice  of  a  separate  judgment  being  delivered  by  each  judge  not 
having  taken  root.** 

It  was,  however,  as  the  wise,  the  calm,  the  considerate  President  of 
the  Asiatic  Society  of  Bengal,  that  Sir  J.  Colvile*8  name  and  memory 
are  esteemed  by  every  scientific  man  who  had  the  privilege  of  know- 
ing him  in  India.  He  occupied  the  chair  from  the  date  of  the 
resignation  of  his  genial  predecessor.  Governor- General  Lord  Hardinge, 
in  December,  1847,  till  that  of  his  own  departure  from  England  in  1848. 
During  not  a  few  years  of  that  interval,  when  the  Society's  affairs 
were  troubled,  and  itself  not  exempt  from  internal  dissensions,  it  was 
steered  through  its  difficulties  by  the  inexhaustible  patience,  sound 
judgment,  firmness,  and  conciliatory  measures  and  manners  of  its 
watchful  chief.  It  need  hardly  be  added,  that  when  he  left  India,  the 
Council  of  the  Society  placed  on  record  its  feelings  of  r^^t  at  the 
loss  of  his  valuable  services^  and  its  thanks  for  the  seal  and  ability 
with  which  he  had  for  ten  years  discharged  the  office  of  President, 
and  had  promoted  the  objects  and  interests  of  the  Society. 

After  his  return,  Sir  James  resided  during  the  autumn  vacation  at 
his  seat,  Craigflower  in  Fife,  on  the  banks  of  the  Forth,  a  few  miles 
west  of  Dunfermline,  a  propei-ty  which  he  inherited  and  to  which  he 
was  devotedly  attached.  He  died  at  his  residence  in  London,  8,  Rat- 
land  Gate,  from  a  sudden  cessation  of  the  heart's  action,  preceded, 
however,  by  a  gradual  failure  of  both  the  digestive  and  circulatory 
powers.  He  was  elected  a  Fellow  of  this  Society  on  April  29th« 
1875,  being  one  of  the  first  under  the  modified  rules  for  the  election 
of  persons  of  the  Privileged  Class,  which  restricted  these  to  members 
of  the  Privy  Council.  J.  D.  H. 


Br.  Geokiie  Dickie  woe  bom  in  Aberdeen  on  ibe  S 
1813,  and  re(.-c-ived  liia  education  there,  gmdnating  M.A.  in  MonBohc 
College,  in  l»^!iO.  He  thereafter  commeiiced  the  etndy  of  mediRiii 
in  his  native  city,  completing  his  medical  education  in  Edioborgl 
where  he  gaiced  the  Medal  for  Pathology  and  Practice  of  Medifiin 
in  the  Brown  Square  Medical  School,  in  1833.  In  1834  he  becam 
M.R.C.S.  of  London,  and  in  1842  received  the  honorary  degree  a 
M.D.  from  King's  College,  the  University  of  old  Aberdeen.  i 

He  originally  intended  to  enter  tho  naval  medical  aervicB,  Ih 
abandoned  that  intention,  and  entered  on  medical  practice  ^ 
Aberdeen.  Hia  taatea,  however,  lay  very  strongly  in  the  direotim 
of  natural  science,  especiaUy  botany,  and  in  1839  he  was  appotntei 
Lecturer  on  Bcilany  in  King's  College;  and  subsequently  on  M&t«rii 
Medica  and  on  Zoology,  and  he  further  held  the  office  of  Libraries  ti 
the  University.  In  1849  he  resigned  these  otBces,  having  beei 
appointed  tin  the  newly  created  profeaBorsIiip  of  natural  history  in  thi 
University  of  Belfast;  but  in  16tiO,OD theestAblishmont of  OiprofeBSor 
ship  of  botniiy  in  that  of  Aberdeen,  he  was  appointed  to  it  aac 
returned  to  his  native  city.  Soon  after  his  retnrn  he  suffei-ed  Irom  I 
severe  attack  of  illnesH,  which  resnlted  in  increasing  deafness  I 
more  or  less  chronic  bronchitis  ;  bnt  he  continued  to  diachftrge  S 
duties  of  the  professorship  till  1877,  when  the  state  of  1 
obliged  him  to  resign. 

In  1838  he  became  a  member  of  the  Edinbnrph  Botanical  So<»e^ 
(of  which  he  was  elected  a  Honorary  Fellow  in  1877),  in  18G3  he  ww 
elected  F.L.S..  and  in  1881  F.R.S.  He  was  also  a  member  of  tiu 
Socioti''  dea  Sciences  Natnrelles  de  Cherboui^,  and  of  several  loo* 
Societies.  4 

Dr.  Dickie  began  in  early  life  to  investigate  the  flora  of  the  cUstn^ 
around  Aberdeen,  the  results  of  which  he  pnblislicd  in  1837  i  ■■■ 
fnmi  Th:it  time  onwards  he  published  numerous  articles  chiefly  OD  M 
morphology  and  physiology  of  plants  in  the  Journals  and  Tnud 
tions  of  scii'iitiGc  Societies.  In  1844  appeared  his  first  arttcls  m 
A1^'a^  lo  which  gronp  he  devoted  more  and  mure  of  bis  time,  uid'f| 
which  his  published  articles  uf  late  years  almost  exclusively  relalU 
lie  also  cnnlrihuted  botanical  appendices  to  the  works  of  Tarigri 
Arctic  ti'!ivi'llci-s  and  voyugera  and  to  the  reports  on  the  Transtia 
Vcn.is  expeditions,  and  be  worked  out  the  Algie  of  the  "  Challeag^H 
ex]H'diliiin.  The  value  and  care  of  hia  investigations  as  an  obserlfl 
arc  atlcstcd,  und  the  assistance  rendered  by  bim  acknowledged,  u 
Harvey's  "  Pliycologia  Britannica,"  Ralf'a  "British  Desmide^* 
Siiiiili'.s  "  Hi'iiiah  Diatomaceas,"  and  Macgillivray's  '' Natural  Historj 
of  Uccsirif  and  Braemar."  He  was  author  of  "  A  Floraof  Aberde« 
flf^ii^^),  "The  Botanist's  Gnide  to  the  Connties  of  Aberdoc 
and  Kinciirdine  ■'  (1860),  and  "A  Flora  of  Ulster"  (1864).     loJ 
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these  works  he  enumerates  the  yascalar  plants  of  the  districts  treated 
of,  and  gives  much  information  as  to  their  localities  and  altitadinal 
range,  and  in  the  '*  Botanist's  Guide,"  he  includes  the  cellular 
cryptogams  so  far  as  known  to  himself,  and  of  the  marine  Alg86  in 
particular  he  gives  a  very  complete  list. 

Dr.  Dickie  did  not  confine  his  studies  to  botany,  but  wrote  also 
on  zoology,  treating  chiefly  of  morphology.  In  conjunction  with  Dr. 
McCosh  he  was  author  of  **  Typical  Forms  and  Special  Ends  in 
Creation,"  to  which  he  contributed  those  parts  that  relate  to  botany^ 
zoology,  physiology,  geology,  and  physical  geography.  In  this  work 
the  authors  seek  to  indicate  the  evidences  of  design  in  the  universe 
discoverable  alike  in  the  general  principles  that  prevail  throughout,  and 
in  the  special  adaptations  of  organised  beings  to  their  environments. 

In  private  life  Dr.  Dickie  was  much  esteemed.  He  was  ever  ready 
to  aid  those  in  need  of  assistance  in  every  way  in  his  power ;  and  as 
professor  gained  the  respect  and  esteem  of  his  students,  not  a  few  of 
whom  owe  their  success  in  after  life  to  his  devotion  to  their  culture 
and  future  careers. 

Dr.  Dickie's  constitution  was  never  robust;  he  overtaxed  his 
strength  when  young,  and  in  middle  life  by  his  exertions  in  the  field 
as  an  observer  and  collector,  and  he  suffered  from  chronic  deafness* 
During  an  excursion  in  Braemar  with  his  students,  in  1861,  he 
exposed  himself  for  several  days  of  very  severe  weather,  which 
resulted  in  bronchitis  and  its  complications,  from  which  he  never 
entirely  recovered.  This  and  increasing  deafness  latterly  cut  him  off 
from  personal  communication  with  strangers,  but  his  correspondence 
and  his  interest  in  scientific  pursuits  were  never  relaxed.  In  the 
early  part  of  this  year  he  had  a  severe  attack  of  bronchitis,  which 
after  recoveries  and  relapses  carried  him  off  on  the  15th  July,  1882. 

Dr.  Dickie  married,  in  1856,  Miss  Agnes  Low,  of  Aberdeen,  who 
survives  him,  and  by  whom  he  had  six  children. 

Ronald  Campbell  Gunn  was  an  ardent  naturalist,  and  to  his 
exertions  far  more  than  to  those  of  any  others  we  are  indebted  for  a 
knowledge  of  the  botany  and  zoology  of  his  adopted  colony, 
Tasmania. 

Mr.  Gnnu,  the  son  of  an  officer  in  the  army,  was  bom  at  Cape  Town 
on  April  4th,  1808,  and  was  brought  thence  to  Bourbon,  at  the 
capture  of  which  place  his  father  assisted.  Until  1816  he  accom- 
panied his  father's  regiment  to  the  Mauritius,  the  West  Indies,  and 
Scotland,  where  he  resided  for  eight  years.  His  name  was  placed  on 
the  Commander-in-Chiefs  list  for  a  commission  in  the  army ;  this, 
however,  he  never  received :  but  an  appointment  in  the  department 
of  the  Royal  Engineers  at  Barbadoes  was  given  him,  which  he  held 
till    1829,    when    he    emigrated    to    Tasmania.     Here    he    became 
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snccessivcly  rtsnistant  Bupcrintendent  of  oonvtct  barracka  at  Hobftrbx 
superintendent  of  convicts  for  the  northern  divisii>ii  of  the  islam 
(Kilice  niagtatmt*,  and  corooer,  first  at  Circnlar  Head  iiud  lastly  i 
Holiartrm.  j 

It  was  not  till  1831  that  Sfr.  Gunn'a  taste  for  science  waa  develt^fjl 
!ind  this  was  due  to  the  example  of  a  yonag  colonial  natnraliati^J 
high  promise.  Mr.  William  Lawrence,  who  died  within  a  year  atU 
havirg  inocnlnfed  his  friend  with  a  pnflsion  for  his  own  pursnits.  TT 
to  this  tirac  the  natural  histcry  of  Tasmania,  an  island  na  lar^  ■ 
Ireland,  was  known  only  throng^h  the  partially  publiflheti  bot,(»ni« 
collections  of  Robert  Brown,  made  at  two  spots  only  dnring  Flinden 
memfirable  voyage  at  the  beginning  of  tho  centnry ;  with  this  exoep 
tion  it  nas  both  botanically  and  geologically  almost  a  terra  ineagniU 
Piflvidod  with  introductory  letters  by  Mr.  Lawrence  to  Sir  V 
Hooker  and  Dr.  Lindley,  Mr.  Gnnn  entered  into  an  active  conH 
spondence  wUh  those  gentlemen,  which  he  maintained  with  U 
flagging  zeal  iiiid  interest  for  upwards  of  a  quarter  of  a  eentsi 
travelling  ttll  over  the  island,  transmitting  to  England  carefnlly  ff 
scrveil  siiccimens  accompanied  with  copious  notes  and  descripHi 
and  i-eceiving  in  rotnm  books,  infltrumenta.  and  appliance 
rapidly  aci|uircd  a,  good  scientific  knowledge,  especially  of  the  bol 
o£  the  island,  which  greatly  enhanced  the  value  of  his  aui 
collections. 

Mr.  Gunn'fl  Labours  were  not  confined   to   botany;     throng 
above-iianicd  friends  he  was  introdnccd  to  Dr.  J.  E.  Gray  and 
iifilc'i'i's  •>(  thi^  British  Mnsenra,  to  which  and  to  other  horlii 
ti'ibuli'd    nmE,'nificent    collections   of   mammals,    birds,    r^tilwi 
niollu^t'a.     &"■  further  made  him.self  so  competent  a  geologist  tliti4' 
was  em]iliiyed  by  the  Government  to  report  on  various  public 
iiiid  on  llic   iziililficlds,  and  especially  on  alleged  discoveries  of 
precious  niefiil^.     Of  his  general  ability  and  the  confidence  roposud  i) 
him  no    higliiT  testimony  coald  be  conceived  than  the  fact  of  hit 

having' b irilRf'4  appointed  at  the  request  of  the  Government  ol 

"N"('w  7.ij]:uul.  line  of  three  commissioners  (the  othen  reprcsonttnf 
Xrw  S^imrli  \V;yli^>^  and  Victoria)  for  determining  the  most  snitabli 
-iio  fill-  till'  iMpitid  of  New  Zealand,  a  qaarter  of  a  century  after  iQ 
i-i.loiil-uliixi ;  iliL'ir  inqniriea  resnlted  in  the  unanimous  selection  ol 
-\Vflli.,-ioi,. 

A  iniiii  "i  tlii'  tuergy,  ability,  and  attainments  of  Mr.  Gunn  was  nol 
likilv  III  escape  the  notice  of  such  a  Governor  of  the  Colony  oi 
Sir  .bihii  Franklin  who,  almost  immediately  after  hia  arrival,  i^ 
poiiifcl  him  tfi  ihc  office  of  Clerk  to  the  Eiooutivc  and  Li-gislatiw 
Council-.  (■>  "liieh  Sir  John  added  thai  of  privatit  aecrflary  fe 
liinisclf.  (Uiwrnmeut  Honse  became  at  once  a  small  scientiSf 
'irclc,    ami  a   ctn^e    intimacy  sprang    up    between   Mr.    Guun    nnj 
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Sir  Jolin  and  Lady  Franklin,  whicli  lasted  through  their  lives.  This 
coterie  was  soon  largely  though  only  temporarily  augmented  by 
the  arrival  in  Hobarton  in  1840  of  the  Antarctic  Expedition  under 
Sir  James  Clark  Ross,  who  together  with  some  of  his  officers, 
assisted  Sir  John  and  Lady  Franklin  and  Mr.  Gunn  in  founding 
the  "  Tasmanian  Journal  of  Natural  Science,**  the  reading  of 
papers  for  which  took  place  in  the  drawing-room  of  Government 
House.  From  this  small  beginning  sprang  the  Royal  Society  of 
Tasmania,  and  the  nascent  periodical  subsequently  grew  into  the 
**  Proceedings  of  the  Royal  Society  of  Van  Diemen*s  Land,**  of  which 
Mr.  Gunn  was  the  editor,  as  he  had  been  of  the  Journal,  from  the 
first. 

Unfortunately  Mr.  Gunn*s  health  broke  down  under  the  close  con- 
finement and  long  hours  of  office  work  at  Hobarton ;  and  after  f ul- 
filling  various  duties  in  Launceston  and  elsewhere,  including  that  of 
member  of  the  Legislative  Council  for  Launceston,  and  of  the  House 
of  Assembly  for  Selby,  he  was  compelled  to  retire  from  the  public 
service  in  1876.  He  eventually  succumbed,  March  12, 1881,  to  attacks 
of  creeping  paralysis  complicated  with  disease  of  the  lungs. 

Mr.  Gunn*s  published  labours  are  few,  but  the  results  of  his  collec- 
tions and  copious  observations  are  embodied  in  various  works  on 
Australian  science,  and  especially  in  Sir  J.  D.  Hooker's  "  Flora  of 
Tasmania,**  and  in  Mr.  Gould*s  "  Birds  of  Australia.**  In  conjunction 
with  the  late  Dr.  J.  E.  Gray,  he  published  notes  and  descriptions  of 
the  mammals  and  fish  of  Van  Diemeu*s  Land,  and  he  was  the  author 
of  a  few  other  papers  on  the  geology  and  some  on  the  botany  of  that 
island,  together  with  one  on  the  encroachments  of  the  sea  on  the 
north  coast  of  Tasmania ;  he  further  contributed  to  "  West's  History 
of  Tasmania  **  a  compendium  of  its  zoology. 

Mr.  Gunn  was  elected  a  Fellow  of  the  Linnean  Society  in  January, 
1850,  and  of  the  Royal  Society  on  June  1,  1854.  J.  D.  H. 

John  Scoit  Russell,  the  eldest  son  of  the  Rev.  David  Russell,  of 
Clydesdale,  was  born  in  1808,  and  displayed  at  an  early  age  a  great 
predilection  for  mechanics  and  natural  science.  After  some  pre- 
liminary practical  training  ho  studied  at  the  Universities  of  Edin- 
burgh, St.  Andrew*s,  and  Glasgow,  at  which  latter  he  graduated  at 
the  early  age  of  sixteen.  On  the  death  of  Sir  John  Leslie,  Professor 
of  Natural  Philosophy  in  Edinburgh  in  1832,  Mr.  Russell,  being  then 
only  twenty-four  years  of  age,  was  appointed  temporarily  to  carry  on 
the  work  of  the  chair  during  the  session  1832-33. 

About  this  time  ho  commenced  his  well-known  researches  on  the 
nature  of  waves,  and  the  resistance  of  fluids  to  the  motion  of  floating 
bodies.  His  first  paper  on  this  subject  was  read  before  the  British 
Association  in  1835,  his  deductions  being  founded  on  a  very  large  and 


elaborate  series  of  ezperiiueiite.     In  183?  he  read  a  aeoond 
the  same  subject,  before  the  Royal  Society  of  Edinburgh.    TheSoc 
confei'red  on  him  theii-  Koith  Prize  (a  gold   modal  and  a  b 
iiionoj)  in  ISI^H,  and  elected  him  into  their  Council. 

His  principles  of  ship  constmctioa  wei-e  firat  carried  into  bkb 
iti  a  vessel  called  the  "Wave,"  built  in  1835,  and,  subaeqaentljj 
many  others,  inclading  the  then  new  fleet  of  ihe  West  India  RoyalJ 
Company,  built  by  a  company  at  Greenock,  of  which  Mr,  Bm 
was  the  manager. 

He  was  elected  in  1847  a  member  of  the  Institution  of  Q 
Engineers,  where  he  served  on  the  Council,  and  was  chosen  ow 
the  Viee-Fresidenta.  In  1849  he  was  elected  a  Fellow  of  the  Kf 
Society.  ^ 

lie.  Scott  Rnssell  removed  to  London  in  1844,  and  becaniB  Ji 
known  us  a  Khip-builder  on  the  Thamea.  In  the  capacity  of  ( 
trnctui',  and  niso  assisting  by  hiH  advice,  he  bnilt  the  Groat  Eakt 
steamship,  under  the  direction  of  the  late  Mr.  Brunei,  and  eoostinm 
the  i^ddle- wheel  engines  of  that  large  ship. 

His  last  work  in  naval  construction  was  the  steamer  o 
Constance,  which  carries  railway  trains  between  the  teruuni  of' 
German  and  Swiss  railways. 

Besides  naval  construction,  I^lr.  Russell  practised  in  other  fiel^ 
en^neering,  one  of  hia  principal  works  being  the  great  dome  of 
Vienna  Exhibition  of  1873. 

!J|j',  liusselL  was  appointed  joint  secretary  with  Sir  Stafford  Noi 
cote  of  Ihe  Exhibition  of  1851. 

Altlimij^'h  nut  a  contributor  to  the  papers  in  the  Royal  Society,  yt 
he  w;is  the  autlioi-  of  more  than  foi'ty  papers  read  at  other  Socictiol 
iT^i^liiiliiit,''  the  Huyal  Society  of  Edinburgh,  the  British  AsHociMioi 
iiiiil  tliu  liistituliijus  of  Civil  Engineers  and  Naval  Architects.  la  li|| 
latlvr   Suciety  lie  always  took  an  active  interest  and  wM  one  ofij" 

ilr.  Seutt  iiusscll  was  the  author  of  the  article  on  the  ( 
eri^'iiK'  jti  tlie  Encyclopiedia  Britannica,  also  a  large  work  called  tl 
'■  MudiTd  .Systtui  of  Naval  Architecture  for  Commerce  and  W'nJ 
iiiul  iif  ii  \\<n-k  tin  "  Technical  Education  for  the  English  People." 

Jii>  \v;is  an  iR'fumplished  iingniat,  and  as  a  speaker  possessed  g 
clriinK>.  and  hkill  in  eiposilion.  W.  H.  ! 

■I'iir  salijecl  nf  Ibis  memoir,  Colosel  J.  T.  Smeth,  E.E.,  the -« 
of  Cr..!!;,'  Suiilli,  I^>q,,of  Edwalton,  Notts, and  afterwards  of  Poui 
l.';uiliL;iiiisliiiv.  "as  born  in  or  about  the  year  1805. 

I'l.stliud  I'ur  -.1  luililarj  career,  he  was  educated  at  Addiseombo, I 
in  ]^S.  |.nie,e>l.Ll  to  India  as  an  Officer  of  Enginec 

1  |"iii  In  jng  ap|iuintcd  to  arrange  a  system  of  lights  for  tbo  fi 
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Indian  Coast,  be  entered  upon  a  series  of  optical  investigations,  and 
devised  a  reciprocating  Hght,  which  was  fixed  in  the  lighthouse 
erected  at  Madras  in  1838,  after  his  designs. 

Before  this  he  had  translated  Vicat  on  "  Cements,"  enriching  that 
valuable  work  with  the  results  of  many  original  experiments,  and  he 
was  elected  a  Fellow  of  the  Boyal  Society  in  1837. 

He  was  next  appointed  to  reorganise  the  Madras  Mint,  which  he 
did  with  great  skill  and  vigour.  When  remodelling  the  machinery 
he  invented  a  machine  for  automatically  weighing  and  assorting 
blanks,  which  gained  an  award  at  the  Exhibition  of  1851. 

After  a  period  of  some  twenty  years  in  charge  of  the  Madras,  and 
latterly  of  the  Calcutta,  Mint,  Colonel  Smith  returned  to  England, 
and,  after  acting  for  some  time  as  Consulting  Engineer  to  various 
Indian  Irrigation  Companies,  became  Chairman  of  the  Madras 
Railway  Company,  a  position  which  he  held  until  the  close  of  his 
life. 

During  late  years  his  energies  were  directed  chiefly  to  the  con- 
sideration of  the  intricate  questions  of  political  economy  connected 
with  currency,  Ac.  A  careful  study  of  the  subject  for  many  years 
and  a  deep  interest  in  India  led  him  to  propose  a  remedy  for  the 
evils  caused  by  the  depreciation  of  silver  in  that  country. 

He  brought  forward  his  views  with  great  earnestness  and  dis- 
interestedness, and  though  the  question  has  been  forced  aside  by  more 
pressing  matters,  his  proposals  have  met  with  the  approval  of  some  of 
the  leading  political  economists  of  the  day,  and  it  is  hoped  that  by 
their  fulfilment  at  some  future  time  many  millions  may  be  saved  to 
the  revenues  of  India. 

His  knowledge  of  these  and  of  kindred  subjects  led  to  his  employ- 
ment by  the  Government  to  make  reports  in  conjunction  with  the  late 
Professor  Graham,  F.B.S.,  upon  questions  of  mintage,  &c.^  and  he 
was  also  appointed  to  attend  the  International  Monetary  Conference 
held  at  Paris  in  1865. 

Colonel  Smith's  active  mind  and  varied  talents  led  him  to  take  an 
interest  in  many  other  subjects.  He  was  a  member  of  several 
societies  and  the  author  of  some  works  and  several  papers  on  various 
scientific  matters. 

In  private  life  he  was  an  humble  Christian  man.  His  aid  as  a  wise 
and  sympathising  counsellor  was  widely  sought,  and  his  lots  is  deeply 
felt  by  a  large  number  of  friends.  P.  S. 


OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 


CHiBLES  Brooke  was  bom  on  the  SOfch  Jane,  1804.  He  was  the 
son  of  the  well-known  mineralogist  Mr.  H.  J.  Brooke.  His  early 
education  was  carried  on  at  Chiswick,  nnder  Dr.  Turner ;  after  this  he 
studied  at  Rugby ;  and  from  thence  he  went  to  Cambridge.  He 
remained  there  five  years,  and  graduated  in  Arts,  taking  honours  as  a 
Wrangler.  During  the  latter  part  of  this  period  he  studied  medicine, 
and  his  professional  education  was  completed  at  St.  Bartholomew's. 
He  lectured  for  one  or  two  sessions  on  surgery,  at  Dermott's  School, 
and  afterwards  held  positions  on  the  surgical  staff  of  the  Metropolitan 
Free  Hospital  and  the  Westminster  Hospital.  At  the  latter  he  con- 
tinued to  lecture  till  a  short  time  before  his  death.  In  1844  the 
Royal  College  of  Surgeons  conferred  on  him  an  Honorary  Fellowship ; 
in  1847  he  was  elected  Fellow  of  the  Royal  Society,  at  the  evening 
meetings  of  which  he  was  a  very  regular  attendant,  and  frequent 
speaker,  especially  on  physical  questions.  He  belonged  to  the 
Meteorological  and  Royal  Microscopical  Societies,  and  occupied  the 
President's  chair  in  each  of  these  bodies;  he  also  at  various  times 
served  on  the  management  of  the  Royal  Institution,  and  on  the 
Council  of  the  Royal  Botanical  Society.  In  addition  to  these  he  was 
connected  with  many  philanthropic  and  religious  societies  ;  and  was  a 
very  active  member  of  the  Victoria  Institute  and  Christian  Medical 
Association. 

He  was  much  esteemed  in  his  profession  as  a  surgeon;  and  is 
known  as  the  inventor,  forty  years  ago,  of  the  ^'bead  suture," 
which  was  a  great  step  in  advance  in  the  scientific  treatment  of  deep 
wounds. 

His  published  papers  and  lectures  have  almost  always  pertained  to 
the  department  of  physics,  mathematical  and  experimental ;  and  his 
more  especial  work  was  the  inventing  or  perfecting  of  apparatus. 
His  papers  date  back  to  1835,  when  he  wrote  upon  the  Motion  of 
Sound  in  Space ;  but  the  work  upon  which  his  reputation  mainly 
rests  was  published  between  1846  and  1852.  This  was  the  invention 
of  those  self-recording  instruments  which  have  been  adopted  at  the 
Royal  Observatories  of  Greenwich,  Paris,  and  other  meteorological 


stations.    They  i^onsiBted  of  barometers,  tberroometeis,  pHyahronefeni 

nnil  mil  gue  to  me  tors  which  regiRtered  their  variations  by  means  < 
jiliotogTJiphy.  His  method  obtained  tho  premium  offered  by  & 
GovL'rnmiint  fur  Buch  apparatus,  us  well  aa  &  Conncil  Medsl  from  tt 
Jurors  of  the  Great  Eihibition,  TbeHc  instruments  record  anfc 
maticnily,  by  very  beautiful  arrangements,  tho  eontinnal  chnng^  l! 
the  dip  flnd  declination  of  the  needle,  and  in  the  intensity  of  tfc 
nui^etic  force.  This  could  uot  be  an'ived  at  by  any  amonnt  of  per 
soual  observation  ;  laid  the  movements  of  a  spot  of  light  npon  ti 
revolvinj^  sheet  of  chemically  prepared  paper  are  more  to  bo  trostei 
than  tlie  pereeptions  of  the  human  eye.  The  adoption  of  Uifl* 
instruments  at  the  Greenwich  Observatory  rendered  it  posaible  ti 
reduce  the  sfalT  of  aasistents  and  to  dispense  with  night  duly,  vrhiJi 
they  reveiiled  magnetic  disturbances  of  a  character  which  otherwi« 
would  probalily  have  escaped  notice.  The  perfecting  of  ttuw 
apparatus  involved  many  considerations  both  of  a  mathomtiticd 
jihysiciil,  and  cliomiefti  nature,  which  will  be  found  detailed  in  tb 
■■  liritish  As.swiation  Reports,"  from  1846  to  1849,  and  m  4 
■■  i'liIli.s(.pliiL-iU  Transactions  "  of  1847,  18&0,  and  1852.  ■ 

Mr.  Itnwlie  iilso  studied  the  theory  of  the  microscope,  and  wm  Hi 
author  <i[  sonu'  inventions  which  facihtat«d  the  shifting  of  IcnseK,  mMii 
improved  the   illumination  of  tho  bodies  observed,      tie  also  npplJM 
his  improved  mi'thods  to  the  investigation  of  some  of  the  beet  knoM 
test  objects  of    ihe  microscope.     (See  "Proc.  Roy.  Soc.,"    to],  i 
|i.  I'ii'.*.)     In  IntiT  years  his  papers  were  of  a  more  theoretical  uh&rMi 
liearing  upon  llie  dynamical  theory  of  electricity,  on  the  natim 
electric  ('nevgy,  and  on  the  supposititious  character  of  that  ether  wM 
is  asHunit'd  to  pt^rvade  all  matter  and  spa<«.     These  arc  to  be  tot 
l.rincipiilly  in   the  "Phil  Mag."  for  1866,  and  in  the  "  Proc.  H 
Soc,"  vol.  XV.     He  was  also  the  author  of  varioos  papers  and  lecMl 
bearini;  on  the  relations  of  natural  science  and  religion. 

He  is,  however,  most  popularly  known  by  moans  of  the 
of  Niiluiiil  Pliiliisophy,"  originally  compiled  by  Dr.  Golding  Birdi 
whii'li  iifliT  ilir  di>!tth  of  that  physician  was  re-written  asd  mlwl 
by  Mr.  [Si'Dokf  im  bringing  ont  the  fourth  edition.      Since  that  ti 
ni'W   ediiiiiiis   liiive   been   constantly   called  tor;    the  results  of   moH 
leceiit  iiiM'DViTy  have  been  carefully  added,  and  tho  book  has  remained 
ji    fiiviinrile    iritrmluction    to    the    Btudy    of    the    physical     Bcienca^ 
espfriiilly  in  (he  medical  schools. 

Jlr.  l!ri"'ke  died  at  Weymouth  on  the  17tb  of  May.  1879,  leaving  a 
wi.liiw  :iiid  fiiijiily.  and  many  friends  who  recognized  him  as  one  of  tin 
most  kindly  and  modest  of  men.     Ho  vrill  be  remembered  on  accooat 
of  his  pliiisiint   converHalion,  or  his  thoughtful  advice,   or  tllB 
inllnriii'u  of   his  private  life,  by  many  who  knew  little  or  nothioff] 
his  varied  actpiirements  and  ingenious  inventions. 
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Indian  Coast,  he  entered  upon  a  series  of  optical  investig^iions,  and 
devised  a  reciprocating  Hgbt,  which  was  fixed  in  the  lighthouse 
erected  at  Madras  in  1838,  after  his  designs. 

Before  this  he  had  translated  Yicat  on  "  Cements,"  enriching  that 
valuable  work  with  the  results  of  many  original  experiments,  and  he 
was  elected  a  Fellow  of  the  Boyal  Society  in  1837. 

He  was  next  appointed  to  reorganise  the  Madras  Mint,  which  he 
did  with  great  skill  and  vigour.  When  remodelling  the  machinery 
he  invented  a  machine  for  automatically  weighing  and  assorting 
blanks,  which  gained  an  award  at  the  Exhibition  of  1851. 

After  a  period  of  some  twenty  years  in  charge  of  the  Madras,  and 
latterly  of  the  Calcutta,  Mint,  Colonel  Smith  retamed  to  England, 
and,  after  acting  for  some  time  as  Consulting  Engineer  to  various 
Indian  Irrigation  Companies,  became  Chairman  of  the  Madras 
Railway  Company,  a  position  which  he  held  until  the  close  of  bis 
life. 

During  late  years  his  energies  were  directed  chiefly  to  the  con- 
sideration of  the  intricate  questions  of  political  economy  connected 
with  currency,  <&c.  A  careful  study  of  the  subject  for  many  years, 
and  a  deep  interest  in  India,  led  him  to  propose  a  remedy  for  the 
evils  caused  by  the  depreciation  of  silver  in  that  country. 

He  brought  forward  his  views  with  great  earnestness  and  dis- 
interestedness, and  though  the  question  has  been  forced  aside  by  more 
pressing  matters,  his  proposals  have  met  with  the  approval  of  some  of 
the  leading  political  economists  of  the  day,  and  it  is  hoped  that  by 
their  fulfilment  at  some  future  time  many  millions  may  be  saved  to 

the  revenues  of  India. 

< 

His  knowledge  of  these  and  of  kindred  subjects  led  to  his  employ- 
ment by  the  Government  to  make  reports  in  conjunction  with  the  late 
Professor  Graham,  F.B.S.,  upon  questions  of  mintage,  Ac.,  and  he 
was  also  appointed  to  attend  the  International  Monetary  Conference 
held  at  Paris  in  1865. 

Colonel  Smith's  active  mind  and  varied  talents  led  him  to  take  an 
interest  in  many  other  subjects.  He  was  a  member  of  several 
societies,  and  the  author  of  some  works  and  several  papers  on  various 
scientific  matters. 

In  private  life  he  was  an  humble  Christian  man.  His  aid  as  a  wise 
and  sympathising  counsellor  was  widely  sought,  and  his  loss  is  deeply 
felt  by  a  largo  number  of  friends.  P.  8. 

In  William  Newmabch  the  city  of  London  lost  its  most  distinguished 
man  of  business,  and  the  scientific  world  one  of  that  small  group  of 
diligent  and  learned  men  who  have  most  successfully  brought  the 
universal  methods  of  logic  and  science  to  bear  on  the  social  life  of 
man. 


Mr.  Newmarch  was  a,  Torkahireman,  born  at  Thirak,  J&uttBry  28 
1820.  He  took  tis  schooling  at  Tork,  and,  aa  a  young  man,  held  aonn 
clerkly  appointmenta  in  that  city.  He  early  showed  his  literary  tast 
and  talent  by  publishing  a  Gnide  to  the  City,  by  frequent  correspwi 
dence  with  the  "  Sheffield  Iris,"  and  by  the  delivery  of  iectnres,  Havinj 
served  as  a  clerk  nnder  a  stamp  distribntor,  he  passed  to  tho  York 
shire  Fire  and  Life  Office  at  York,  then  to  the  banking  bonseof  Messrs 
Leatham,  Few,  and  Co.,  at  Wakefield.  From  Wakefield  he  moved  U 
London,  and  served  on  the  staff  of  the  Agra  Bank.  In  1852,  he  WW 
appointed  Secretary  of  the  Globe  Insurance  Company,  und  took  Ai 
lead  in  conducting  the  negotiations  which  resulted  in  the  amalgsmll 
tion  of  that  o&ice  with  the  Liverpool  and  London  Insurance  Compani 
In  1362  he  accepted  the  post  of  Manager  in  the  honking  honstt'fl 
Messrs.  Glyn,  stills,  Cnrrie,  and  Co.,  which  he  did  not  resign  tiUS 
had  wamiogs  i>[  an  attack  of  paralysis.  4 

Mr,  Newmarcii  always  found  the  performance  of  his  duties  as  ■ 
official  consistent  with  an  extraordinary  amount  of  literary  actiTity 
conpled  with  earnest  work  on  behalf  of  the  many  societies  and  pnfaHl 
bodies  to  whioh  he  attached  himself,  and  of  some  of  which  he  was  tbi 
fonnder.  Among  these  we  may  mention  the  Cobden,  Adam  Smfth 
and  Political  Economy  clubs,  the  Institutes  of  Actuaries  and  Bankm 
and  the  Statistical  Society.  He  was  on  the  staff  of  the  "MoR^l 
Chronicle,"  an  occasional  contributor  to  the  "Times"  and  o&a 
leading  papers,  nnd  a  constant  correspondent  of  the  "  Economisfc.' 
His  writings,  for  the  most  part  anonymous,  were  devoted  to  qneatimu 
of  currency,  banking,  free  trade,  and  the  laws  of  industrial  and  com 
mercial  progrca.i.  In  the  Statistical  Society,  to  which  he  was  alwayi 
warmly  attached,  he  held  in  succession  the  offices  of  Honoiary  Secretaij 
and  Editor  of  its  Journal,  President  for  the  nsnal  term  of  two  yera 
(in  succession  to  Mr.  Gladstone),  and  Honorary  Vice-President.  A 
Editor  of  the  Journal  of  the  Society,  he  planned  several  of  its  periodica 
returns  and  tables,  and  he  contributed  to  its  pages  many  import^t 
papers  and  presidential  addresses.  To  the  last  he  continued  to  lafcoj 
lively  interest  in  the  question  of  providing  suitable  house  aooommoSri 
tion  for  the  Sl^tistical  and  cognate  Societies;  and  made  a  strennon 
but  unsuccessful  cfTort,  by  means  of  a  company  with  limited  liability 
to  carry  this  cherished  object  into  effect.  In  1861,  ho  presided  ove 
the  section  of  llronomical  Science  and  Statistics  at  the  Session  of  Ub 
British  Associaiinn  held  at  Manchester. 

One  of  Mp.  Newmarch's  series  of  papers,  that  on  the  New  Goh 
Supplies,  conlributed  to  the  pages  of  the  "Morning  Chronicle"  ii 
1853,  WHS  afterwards  printed  as  a  separate  volome.  But  the  worl 
on  which  his  claim  to  permanent  distinction  must  rest  is  that  ti 
which  he  took  part  with  Mr.  Thomas  Tooke  fal«o  a  Fellow  of  thii 
Society),  namely,  the  "  History  of  Prices  "  pnbhsbed  in  1656,  bat  no| 


out  of  print.  The  two  condnding  Tolnmefl  woe  from  ihe  pen  of 
Mr.  Newmarch.  This  work  was  at  onoe  reoognised  in  England  aa  a 
complete  and  masterly  exposition  of  the  great  economic  qnestionB  of 
the  second  quarter,  and  early  part  of  the  third  qnarter,  of  this 
centniy ;  namely,  the  Introduction  of  Free  Trade,  the  Bank  Charter 
Act,  with  the  Development  of  the  Banking  System  at  home  and 
abroad.  The  Gold  Discoveries  in  Russia,  California,  and  Australia, 
the  Irish  Famine  and  Emigration,  and  the  Crimean  War.  Mr.  New- 
march  is  understood  to  have  been  bent  on  continuing  this  work  up  to 
the  present  date ;  but,  unfinished  as  it  was,  it  was  speedily  accepted  as 
a  classic,  and  translated  into  (German.  It  was  to  this  work  that  he  was 
chiefly  indebted  for  his  election  as  Corresponding  Member  of  the 
Institute  of  France.     He  was  chosen  F.R.S.  in  I86I. 

On  the  death  of  Mr.  Tooke,  Mr.  Newmarch  showed  the  high  estima- 
tion in  which  he  held  him  by  taking  the  leading  part  in  founding 
**  The  Tooke  Professorship  of  Economic  Science  and  Statistics  "  at 
King's  College. 

Mr.  Newmarch  was  examined  by  the  Select  Committee  on  the 
Bank  Act,  and  gave  evidence  before  several  Parliamentaiy  Com- 
mittees on  economic  questions,  such  as  the  currency  and  the  income 
tax. 

Mr.  Newmarch  was  a  fluent  and  effective  speaker,  and  his  writings 
are  all  marked  by  clearness,  directness,  and  vigour.  He  held  his 
own  opinions  with  so  firm  a  grasp  that  he  was  rather  intolerant  of 
opposition,  and  in  debate  appeared  perhaps  somewhat  wanting  in 
courtesy ;  but  those  who  knew  him  well  found  in  him  a  generous  and 
warm-hearted  man,  an  encourager  of  rising  talent,  and  a  firm  friend. 
Take  him  all  in  all,  he  was  assuredly  one  of  the  most  remarkable 
among  the  self-made  men  of  this  century.  He  died  at  Torquay, 
March  28,  1882,  after  an  illness  of  some  duration,  which  began  aa  an 
attack  of  palsy  in  1881,  from  which  he  partially  recovered.  He  had 
lost  his  only  son  through  a  painful  illness,  leaving  the  son's  widow 
and  his  own,  with  one  daughter,  to  lament  his  loss.  W.  A.  Q. 
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Ill 

John  Allan  Bboun  was  bom  on  2l8t  September,  1817,atDamfrie8y 
where  his  father  held  a  school  intended  for  young  men  about  to  enter 
the  Navy. 

On  the  death  of  his  father,  Mr.  Broun,  who  was  then  about  twenty 
years  of  age,  became  a  student  at  the  University  of  Edinburgh,  where 
he  speedily  distinguished  himself.  Here  his  attachment  towards 
pnysical  science  more  especially  developed  itself  and  procured  for  him 
the  friendship  of  the  late  James  D.  Forbes,  who  was  then  Professor  of 
Natural  Philosophy  at  Edinburgh. 

About  this  time  (1842)  the  scientific  world  became  awake  to  the 
importance  of  cultivating  terrestrial  magnetism  as  a  branch  of  cos- 
mical  inquiry,  and  Sir  Thomas  MacDougal  Brisbane  in  a  very  generous 
manner  agreed  to  establish  and  maintain  a  highly  equipped  observa- 
tory at  his  house  at  Makers toun,  Dumfriesshire. 

Mr.  Broun  was  appointed  director  of  this  observatory  after  a  course 
of  preliminary  training  spent  at  the  Eoyal  Observatory,  Greenwich, 
from  which  he  derived  much  information. 

He  continued  for  eight  years  to  be  director  of  this  establishment, 
and  in  addition  to  his  other  duties  he  discussed  his  observations  at 
great  length  in  a  series  of  volumes  which  were  published  in  the  "  Trans- 
actions of  the  Royal  Society  of  Edinburgh,"  of  which  body  Sir  Thomas 
Brisbane  was  the  President. 

The  production  of  these  volumes  must  have  cost  Mr.  Broun  a 
great  amount  of  time  and  thought,  inasmuch  as  while  published  at  an 
early  stage  of  an  important  inquiry,  they  were  conspicuous  for  the  skill 
employed  in  the  development  of  new  methods. 

John  Allan  Broun  had  now  in  virtue  of  what  he  had  done  acquired 
a  high  reputation  as  one  of  the  leaders  in  the  science  of  terrestrial 
magnetism,  and  was  regarded  as  one  peculiarly  well  adapted  to  fill  a 
prominent  scientific  position  whether  at  home  or  abroad.  About  this 
time  two  Professorships  in  Scotland  became  vacant,  for  either  of  which 
he  would  have  been  a  very  desirable  candidate ;  but  he  had  conscien- 
tious scruples  which  prevented  him  from  subscribing  to  certain 
formula)  which  were  then  insisted  on  from  the  holders  of  all  Scoteh 
Chairs. 

In  1850  Broun  left  Makerstoun  and  went  to  Paris,  where  he  formed 
the  acquaintance  of  the  leading  men  of  science  of  that  capital. 

There  also  he  met  with  the  lady  who  became  his  wife,  Isaline 
Vallouy,  the  daughter  of  a  clergyman  in  the  Canton  du  Vaud,  and 
belonging  to  an  old  Protestant  family  of  Dauphine  (du  Val  Louise), 
who  had  fled  from  France  at  the  Revolution.  This  lady  and  a  family 
of  three  sons  and  two  daughters  are  now  left  to  mourn  his  loss. 

In  1851,  through  the  influence  of  Colonel  Sykes,  Broun  was  ap- 
pointed Director  of  the  Trevandrum  Observatory,  an  institution 
supported  by  His  Highness  the  Rajah  of  Travancorc,  and  he  went  to 


India  ia  tho  same  year.    His  work  in  India  ttm  attended  with  s 

difficulties,  bnt  it  was  of  very  great  scientific  vaJco. 

Among  otlicr  tliinga  he  wished  to  obtain  observations  at  differ 
heights,  and  tlio  following  short  statennent  will  eichibit  in  his  OKI 
words  tlie  natiiro  of  the  difficulties  he  met  with  in  carrying  out  thi 
project,  all  of  which  were  Buccessfnlly  overcome. 

"  It  had  appt-arcd  to  mo  necessary,"  he  says,  in  the  preface  to  hi 
observations,  "  for  a  complete  examination  of  tlio  qucstious  to  be  solred 
that  observations  should  not  bo  limited  to  a  single  station,  but  tha 
the  standard  observatory  shonld  serve  not  merely  for  the  determinatioi 
of  the  laws  and  physical  constants  at  one  point,  but  also  for  the  OOM 
parison  and  co-ordination  of  the  laws  depending  on  differencea  9 
height,  of  latitndo,  and  of  longitade.  1 

"  With  rc'f erf  lice  to  qneHtions  connected  with  difForenco  of  he^t 
the  Agustia  SHlicy,  abont  twenty-two  miles  E.N.E.  of  Trovandrom 
the  highest  monntam  in  the  narrow  chain  of  the  Ghats,  rising  r&p!dl] 
from  the  plain's  of  Coromandel  and  Malabar,  possessed  the  grtjftl 
lulvantago  of  being  free  from  the  effects  of  neighbouring  high  tAblo 
lands  Tho  (.hii.f  objection  to  this  locality  lay  in  its  position,  witbooi 
roiuls,  a  dij 'b  jrurney  from  the  nearest  cnltivated  grounds,  anrroondl 
by  forests  inhabited  by  olephanto  and  tigers.  The  constrnctioa  o. 
observatoi'y  on  this  nearly  inaccessible  rocky  peak  presented  t 
siderablo  difficulties.  It  was  donbt«d,  also,  whether  native  obser* 
accustomed  only  to  the  climate  of  the  plains,  could  live,  or  could  tH 
induced  to  try  tii  do  so,  on  a  monntaln  top,  which  for  months  o£  eaol 
year  remains  buried  in  eload. 

"  TliCiit'  and  niimy  other  difficaltles  were,  however,  vanquished,  anc 
tho  ob.scrvatoi'y,  built  of  wood  in  the  forests  about  2,300  feet  beloi 
the  sniiunit,  wua  taken  to  pieces,  carried  to  the  top.  and  rchoilt  t 
in  the  lii-st  month  of  1855," 

Hi-oun  was  not  likely  to  spare  himself,  even  under  anch  a  oUm 
tliat  of  India,  :ind  a  deafueaa,  which  never  left  him,  was  caught  iDljj 
of  his  fxciiri-ioLiK  on  the  hills  for  tho  purpose  of  observing.     Hft  O 
|jiii-k  to  KiiniiK;  in  18GC,  in  the  hope  that  medical  treatment! 
i-L'iiiiivc  lii.-i  ilial'iu'ss.     In  this  he  was  disappointed;  hi 
to  ImVui  loi-  tlii-ui,'  yeiLTS  more. 

Oil  his  liuid  ii'Lum  from  India  ho  resided,  for  a  time,  at  Umumna 
mid  aftcrwiinls  nl  Stuttgart,  where  his  whole  time  was  devoted  to  thi 
prc|i:ir:itio[i  uP  Liic  first  volnmo  oE  the  results  of  the  Trevaadnd 
iib.sirvj.tiiiiiH,  Of  this  volume,  it  is  sufficient  to  say  that  it  ia  iui<] 
adiiui-i'ilr   than    tLo^e  in  which   the  Makerstonn   obserrutioa*  1 
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ix  years  of  Bronn'a  life  wore  spent  for  the  most  porta 
re  iu'  gave  his  whole  time  and  energy  to  tho  prosecntitn 
I'l'SL'at'ch.     Upwards  of  two  years  ago  his  health  bogao^ 


give  way,  and  during  a  stay  at  Ljnton  (DevonBhire)  ho  had,  in  1878, 
a  kind  of  nervons  attack,  which  was  the  beginning  of  his  last  illness. 
He  died  suddenly  on  the  22nd  November,  1879. 

If  Broun  occupied  the  position  of  a  leading  pioneer  in  observa- 
tional inquiry,  he  also  shared  the  discomforts  of  such  a  post.  Ho 
considered  no  trouble  too  great  in  order  to  procure  trustworthy 
observations,  and  he  would  spend  an  iminense  amount  of  labour  upon 
them,  when  once  obtained.  On  one  occasion,  with  the  purpose  of 
making  observations,  he  lived  for  about  six  weeks  in  a  hut  on  the 
Cheviot  Hills,  performing  his  toilet  in  the  open  air,  sometimes  with 
mists  around  him  and  water  nearly  freezing. 

It  has  been  said  of  Faraday  that  his  failures  must  have  cost  him 
oven  more  thought  than  his  successes,  and  the  same  remark  will  apply, 
with  even  greater  force,  to  an  original  thinker  in  observational  science 
like  Broun.  Here  the  testing  of  every  idea  entails  a  laborious  in- 
vestigation, and  Broun,  whose  mind  was  at  once  very  fertile  and  very 
scrupulous,  must  often  have  overworked  himself  before  dismissing 
a  subject  from  his  thoughts.  It  seems  likely  that  this  combination  of 
qualities  eventually  contributed  to  undermine  his  health. 

During  the  latter  part  of  his  life  he  received  from  the  Government 
Fund  of  the  Royal  Society  a  sum  of  money  to  enable  him  to  improve 
and  complete  the  reduction  of  the  colonial  magnetic  observations. 
But  this  immediate  and  apparent  responsibility  was  peculiarly  trying 
to  a  man  like  Broun.  The  work  seemed  to  go  on  growing  the  more  he 
examined  it,  and  he  was  never  satisfied  without  going  still  more  deeply 
into  the  subject  than  ho  had  already  gone.  At  length  his  health  began 
to  give  way,  and  the  thought  that  he  had  not  been  able  to  finish  theee 
investigations  unfortunately  hastened  the  progress  of  his  malady. 

It  must  not  be  supposed  that  Broun,  while  combining  scrupulosity 
and  intense  devotion  to  science,  was  by  nature  a  recluse.  He  was,  on 
the  contrary,  a  man  of  delicate  social  instincts  and  well  calculated  to 
take  an  active  part  in  scientific  administration.  His  deafness,  however, 
prevented  this,  and  during  the  latter  years  of  his  life  he  was  best 
known  to  a  small,  but  attached,  circle  of  friends. 

Broun  was  both  a  magnetician  and  a  meteorologist.  His  Makerstonn 
observations  have  been  already  mentioned  as  being  peculiarly  valuable 
for  the  light  tlicy  throw,  at  a  comparatively  early  period,  on  the 
changes  of  the  magnetism  of  the  earth. 

In  18G1  he  contributed  two  very  valuable  memoirs  to  the  **  Transac- 
tions of  the  Royal  Society  of  Edinburgh.'*  In  one  of  these  he  discussed 
the  errors  and  corrections  of  the  bifilar  magnetometer,  including  the 
determination  of  its  temperature  coefiicient,  which  he  showed  might 
be  found  by  a  more  correct  method  than  that  hitherto  adopted.  HiB 
Hocond  memoir  was  on  the  horizontal  force  of  the  earth's  magnetism, 
for  which  he  established  the  annual  laws  from  a  discussion  of  obaerva. 


tions  taken  at  various  places.  He  likewise  allowed  tLnt  tLo  Tsriftlious 
of  tliia  element  from  day  to  day  are  nearly  the  samo  ovur  all  the 
world. 

For  tlioHo  dlncoTerJes  the  Keith  Medal  of  the  'Rojit.l  Society  of 
Bdinhurgh  was  awarded  to  him. 

Ill  his  first  Yolnmo  of  tlie  "  Results  of  the  Trevandmm  Observa- 
tions" Broun  has  pivcn  an  original  and  eihanstive  invostifj^tioii  of 
the  influence  of  the  sun  and  moon  upon  the  direction  of  the  mngnutie 
needle  ;  bat  his  researches  regarding  the  lunw-diornal  Tariatioa  of 
this  element  form  perhaps  the  most  original  port  of  the  volumo. 
Besides  luiving  elaims  to  be  considered  an  independent  discoverer  of 
this  variation,  he  has  certainly  incrooeed  onr  knowledge  of  its  laws  mors 
than  any  other  magneticiau.  He  showed  that  near  the  equator  its 
law  in  December  was  the  opposite  of  that  in  Jnne.  His  observation 
tliat  the  lunar  aetion  was  reversed  at  sunrise,  and  that  it  wail  mncii 
greater  during  t)ie  day  than  during  the  night,  whether  the  moon  was 
alxive  or  below  the  horizon,  may  be  noted  as  peculiai'ly  likely  to  throw 
mncli  light  on  the  theory  of  the  anbjeet. 

Brouii's  discovery  of  the  simoltaneity  all  tho  world  over  of  tha 
changes  fmm  day  to  day  of  tho  earth's  horiBontal  force  has  alreadjr 
been  mentioned.  Certain  of  these  changes  he  fonnd  to  be  duo  to  tli0 
moon,  while  others  had  a  period  of  nearly  twenty-six  days.  These  laat 
Broun  attributed  to  solar  action,  and  in  discussing  the  nnliji-ctr  in 
a  memoir  published  in  the  "  Philosophical  Transactions  "  for  1877, 
he  found  that  the  greater  magnetic  disturbances  were  apparently  Awo 
to  actions  proceeding  from  particular  meridians  of  the  snn.  This 
is  a  snbjeet  of  very  great  importance,  and  it«  cxaet  meatiing  boa  yot 
to  he  di. ^covered. 

In  meteorology  Bronn  hoe  done  some  very  important  work.  Ho  hsv 
shown  tlie  appari^nt  Rimnltaneity  of  the  changes  of  mean  baromotris 
pressure  over  a  givat  part  of  the  globe,  and  here  too  he  has  discovorel 
a  ]wriod  of  nearly  twenty-sis  days. 

He  was  the  first  to  commence  those  syBtematic  observations  oC 
cIouiIb  !it  vnriou.s  altitudes  that  are  now  so  common,  and  be  has  like- 
wise pointed  out  certain  relations  between  atmospheric  motions  and 
tbc  diri'etions  of  the  lines  of  eqnal  barometric  presenre. 

¥<>r  his  various  researches  one  of  the  Royal  Medals  of  this 
was  conferreti  on  bim  in  1878. 

It  is  [.'ratifying  to  be  able  to  state  that  Her  Majesty  hss 
pmcioHsIy  pleased  to  mark  her  sense  of  the  labonrs  of  this  distitt^ 
guishcd  jihysiejhl  by  bestowing  upon  his  widow  a  pension  of  £75 
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